



Hallmarks of Preedom 

Della. ..Ihe shape that won a striking victory in performance on both sides of 
tlie sonic barrier, is your new hallmark of freedom! Flying around the clock 
with the U.S.Air Force, Convair’s supersonic F-102A all-wcaihcr 
Interceptor affords you security never before attained by our air defense 
system. Master of any invading aircraft, the def/a-wing F-102A is another 
outstanding example of Convair's engineering to the Nth power. 


CONVAIR 

A DIVISION OF GENERAL DYNAMICS CORPORATION 



Lone Star 


From the Rio Grande to the hills of New England, the Fairchild 
F-27 outshines anything in its class. This exciting new prop- 
jetliner gives today’s airlines equipment modern as tomorrow. 

Seating up to 40 passengers in its pressurized cabin, it flies smoothly 
and quietly on the propjet power of its airline-proven Rolls-Royce Dart 
engines— gets in and out of short fields with ease. Airfields at altitude 
rarely impose a payload penalty on the F-27— and single-propjet per- 
formance is superb. 

Also available as a truly unique executive transport, the F-27 is a 
practical flying office for executives on the go. 

Address inquiries to: R. James Pfeiffer, Executive Director of Customer Rela- 
tions, Fairchild Engine and Airplane Corporation, Hagerstown IS, Maryland. 




FAIRCHILD 



Circle Numbr 




Trans-Sonics Type 1371 "Tapc-on" Surface Tcmpcralure 
Resistors are precision resistance ihcrmomeiers with a platinum 
resistance u>inding as the sensing element. These resistors which 
are no thicker than u piece of tape may be applicil to any snr/ucc 
whose temperatures are to be measured. Jn a commutation circuit, 
they modulate standard telemetering transmitters without ampli- 
fication. The new Type 1371 "Tape-on” Surface Temperature 
Resistors may be added to an installation using otherTrans-Sonics 
temperature transducers without any further circuit modification. 
Each resistor is furnished with 6" long fibreglas-covered consianlan 
leads. Write for Bulletin 1371 to Trans-Sonics, Inc., Dept. " 


AOVERTISINO SALES MANAGER 
RROMOTION AND RESEARCH MANAGER 



SPECIFICATIONS 
StZE, Afc" 


Envlronmentol Operation Condirions 
0 to 32 opi ± 2Sg, 22 To 2000 ops 


Shocki tOOg in any dir«ction, per poro- 
graph A.1S.1 of MU.E-S272A (10 


INSTANT 

INSTALLATION 



As easy to apply 
os a thumb print. 


For Transducers, See Trans-Sorttes 

*1>ui*ii.-Sa*UcA,, 9hc. 

P. O. aox 32B lEltINGTON 73, MASSACHUSETTS 


NEW CORK M. J. Sforj, R. G. Kalhnwry 

PHIIAOELPHIA. . .W. S. Heiiey. J. D. Willil 
SAN FRANCISCO WilliAm WooUton 


BUSINESS 

gUSINESS MANAGER J. 0. lohnson 

CIRCULATION MANAGER I. J. Li/cey 

PRODUCTION MANAGER W. V. Cochren 
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Built his fiisf plane himself, 
now he rides held on one of 
loos' busiesfalipoiis 


Fulcher Armstrong, pioneer airman, now owner 
of the Wicliita Falls Air Transport Company 
which operates the municipal airport. 



Two m.ajor air lines. Brnniff and Conti- 
nental, .are served by the Wicliita Falls Air 
Transport ComiMny. 



At present, the Wichita Falls Air Transport Compony offers, on 
a 24-hour basis, complete line service for privote plores and oir- 
linersi major and minor repoirs on all types of planes up to and 
including Convairsf chorter and ombulonce flights, end radio re- 
poir. In oddition, Armstrong's company operates a pipe line potrol 
ond a flying school. 

Phillips 66 Aviation Gosoline is used exclusively. "We find thot 
Phillips 66 gosoline gives dependoble performonce. That's whot 
counts with our customers," Mr. Armstrong says. 



AVIATION DIVISION • PHILLIPS PETROLEUM COMPANY • BARTLESVILLE, OKLAHOMA 


Circio Nombor A on Reoder-Service Cord 



Stretching 3,000 miles across the Arctic, special 
Motorola radar systems stand alert, ready to sound 
a warning at the first indication of an air attack 
over the polar cap. 

The urgency of this distant early warning system 
caUed for a “crash” program for both development 
and production. Working in turn with the Lincoln 
Laboratories at M.I.T.. Beil Telephone Labora- 
tories, and the Westerrf Electric Company, Inc., 
Motorola engineers came through with radar sys- 
tems for the complete line within a 14-month period. 
This is only one example of the military electronic 
equipment being developed and produced by 
Motorola for the varied military applications. 
Positions open to qualified Engineers and Physicists 





‘TRIGGER FINGER” 
FOR SAC 


Reliable protection is a must for 
Boeing’s giant B-52, operational weapon 
of the Strategic Air Command. An 
Avco-Crosley-manufaetured MD-9 fire 
control system — with dual radar and 
multi-weapon turret— provides deadly! 
and almost completely automatic 
protection for the B-52. 

This newest “stinger” is one of a long 
list of modern bomber defense systems 
produced by Crosley. And, looking to 
the future, Crosley scientists are 
constantly developing still finer protection 
for the aircraft of tomorrow. 


Crosley offers complete JadlUies for 
research, decelopment, arid production of: 


Ail Waoponi SyXami 
Ground Radar Syaleml 
Air TrofFic 

Ordnance Systems 


Missile Systems 
Aircraft Structures 


Industrial Electronics 


Arco Manufacturing Corporation, 

Crosley Diiision, Dept. 

1S29 Arlington Street, Cincinnati 25, Ohio. 




avco I Crosley 

* defense and industrial products 


ENGlNtERS WANTED! For top-fUght men, Crdsley 
offers unusual opportunities to explore new 
Bcientiffc frontiers that lead to outstanding and 
rewarding careers. Write to Vice President 
of Engineering at Avco-Crosley. 



UNILOK — HALF THE SIZE AND WEIGHT 
OF COMPARABLE AN CONNECTORS 


new^ 

a single 
or multiple 
disconnect 
using seamless, 
crimp-type 
terminations 


In one conpect unit, courjimJnf to standard an connector 
mounting dimensions. omLOX offers the adeantagns of a 
|ttg connector, or a aapaakb eaMHCtor for each circuit. 
EiaU terminals aUoar nifafA hamcaa to be pulled 


rough openings no largar tbu tm cable bundle ttaelf 
^BBaeks are simple In either fulif or partially 
EmbM VNILOKS. 


• saves weight 
• saves space 
• simplifies installation 
and maintenance 
on all pressurized 
bulkheads 


BURNDY 


simple as a desk calculator. . . 


OQQ 

oee 

ooo 



intelligent as an electronic brain! 




combines advantages of both . and solves the 
problems "in-between," at low cost and 
with big savings in technical man-hours. 
Pinboard programming — an exclusive feature 
of the E 101 digital computer — can be mastered 
in six hours; familiar notations, no coding. 
Thai’s why more ElOl's are at work than all 
other comparable computers combined. 
Immediate delivery; instant serviceability. As 
a test: send us one of yo«r problems. We'll 
program it, send your solution and proof of 
how we can serve. For demonstration, or 
descriptive booklet, write: 

ElectroData 

Division of Burroughs Corporation 
with world-wide sales and service facilities 
460 Sierra Madrc Villa 
Pasadena, California 





A brand new toncept in 
modern day hangars . . . 


ERWIN-NEWMAN 

SISPENDEI MNULEIIER 

HANGARS 



Each hangar is specifically designed for the snow 
and roof loads of the area in which it is erected. 
The space at the rear is conveniently used for 
workshops, parts and offices. 

Night view of TEMCO AIRCRAFT CORP. 
hangar at Greenville, Texas. The clear span area 
measures 120 feet deep by S7S feet long by SO 
feet high. Vertical clearance is IS feet inside the 
tail housings. 


Most revolutionary development 
in the last fifty years 


Cantilever type construction means that no col- 
umns of any nature interrupt the clear span space. 
EVERY square foot of hangar space is a square 
foot of usable space. The support member which 
connects the top ridge of the cantilever to the 
top of the inner column is designed to act either 
in tension or compression and will withstand wind 
uplift of hurricane force winds. 


AurmiCHT • ANY imn • any mpth 




Launched toward the Future 

in WEAPON SYSTEMS MANAGEMENT 


Ros<el — GAM-63 air-to-surfa<e mis- 
sile of the USAF — is an operational exam- 
ple of complete weapon systems manage- 
ment fay Dell Aircraft- As prime contractor. 
Bell's responsibilities embraced tlie design, 
development, and production of the entite 
system including airframe, guidance, rocker 
engine, servo-mechanical devices, launching 
and ground support equipment as well as 
flight testing and training. 

The personnel responsible for this sticcess- 
fill program has recently been regrouped to 
form a new, autonamous Guided Missiles 
Division. Its sole funaion is to provide 
complete and coordinated management and 


production for any weapon systems program. 

The men who make up this division ate 
a skilled and divcrsilied ream of specialists 
with a total of some 100,000 man-years of ex- 
perience in guided missiles. Prior to"Rascal", 
they were responsible forTaraan, Shrike and 
Meteor. Current responsibilities also include 
important components for the Nike, Hustler, 
Regulus, Navaho and various 1 . C. B. M. and 
1 . R. D.M. programs. 

These men have past success to attest to 
their capabilities and foretell future accom- 
plishments. They will be heard from again 
and again for important acliievemems in the 
years ahead. 



Guided Missiles Oiv. 
BUFFALO, N.Y. 
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Aircraft Bearings by Fafnir 

Products that reflect close collaboration 
with the aircraft industry 
for neariy 30 years 





Rieumatic 

Systems 


WAITER KIODE 
4-D COMPRESSOR 
Smailer than a batkelbail 


with 

smaller, 

lighter 

parts 



Small anov9h la hida in 


The Walter Kidde 4-D Compressor 
gives pounds of pneumatic 
power in a space 10" square. This 
light, small unit is a masterpiece 
of engineering requiring small 
components. The Eastern Lubrica- 
tion Pump has what it takes for 
this task. A bantam in size and 
weight ... a heavyweight in 
performance. 

Eastern has solved many such 
problems in hydraulics . . . and In 
pressurization and electronic tube 
cooling units too. Inquiries are 
welcome regarding custom-made 
equipment to meet your require- 
ments to government specifications. 

Write for Aircraft Catalog 







ELECTRONIC • HYDRAULIC • MECHANICAL 


Lightweight Pacitren Fuel Gage Systems: 

Fuel measurement and management systems 
incorporating latest technological improve- 
ments. Consistent reliability and dynamic prog- 
ress arc typified by the Load Limit Control, 
Center of Gravity Control and new True Mass 
Fuel Gagiiig System. Specification of Padtron 

SImmonds SU Fuel Injection Systems: The 

only advanced type fuel injection system now 
in production for medium h.p. gasoline en- 
gines, the SU System has been proven in field 

icing problems, gives improved cold starts. 
Precision Push-Pull Controls: SImmonds 
Push-Pull Controls are positive, prerise and 
rugged. Capable of heavy loads and accurate 
operation under vibration, continuous cycling, 


temperature extremes, etc. Proved in millions 
of miles of service on aircraft engines, pres- 
surUed doors and specialized applications. 

flush fitting aircraft latches for installation 
on cowlings and access panels. Two-piece 
toggle type, available to fit a wide range of 
structural curvatures; for attachment of plastic 


Liquid Level Sensing Systems: Working 
independently of the fuel gage system, this 
thermistor sensing system indicates accurately 
the precise time at which fuel, oil or other 
liquid goes above or below any designed level. 
It also automatically stops or starts pumps or 
valves to transfer the liquid from one tank to 
another. The system is rugged, has no tubes or 
moving parts, is light and compact. Operates 
on military aircraft fuels and oils. 



Simmonds 

AEROCESSORIES, INC. 

General Offices: Tarr/town, New York 

■•anchOfncM: Oetrell, Michlson • Boyten, Ohi. • Woskinslon. D.C. 
Dollas, Texas • Wickira, Konsas • Glendale, California • Sealllo, Woshinglon 
Sole Canadian Licensee; Simmonds Aeracessories el Canada Umlled • Montreal 



How to choose magnetic tape recorders for data 

Types, performance and sources of further information 


A magnetic tape recorder for your particular 
use is clioseii from hundreds of possibilities, and 
yet from Ampcxitcan almost .always be a standard 
production-line model. There arc three reasons; 

( 1 ) Ampex oifers the broadest available selec- 
tion of biisic types. 

(2) Ampex modular design permits innumer- 
able combinatians of standard components to fit 
individual needs. 

(3) By designing for the most critical iisei 
requirements, Ampex achieves performance stand- 
ards ample for almost all practical uses. 



Continuous-loop recorders recycle on a definite 
time interval, either to provide a cyclic repetition 
of a length of data or to act as a time-delay device. 
The Ampex FL-100 is of this type. 

Digital recorders, a special variation of reel-to- 
reel, are characterized by extremely rapid start- 
stop characteristics for close pulse packing. The 
Ampex FR-200 is t)'pical. 

'Transportable" recorders with varying degrees of 
portability are available from Ampex. Even Am- 
pex’s "fixed" recorders, FR-100 and FR-1 100 may 
be mounted in a truck or trailer. But recorders 
Lke the Ampex 800 are built for true mobility, 
hence are light, compact and resistant to shock 
and vibration, Ampex also has miniaturized de- 
signs. 


TYPES OF RECORDING 

Most Ampex models use interchangeable plug- 
in amplifiers that enable each track to be used 
with any of three recording technic|ues ; 

Direct recording has frequency response of 100 
to 100,000 cycles/sec. at 80 in/sec. tape speed. 
This high response is its greatest advantage and 
is utilized either directly or for multiplexed data. 
FM-carrier recording has high instantaneous am- 
plitude accuracy with frequency response of 0 
(DC) to 20,000 cycles at 60 in/sec. It is tised for 
transients, low frequencies and wherever accurate 
reproduction of Bmplitiide is important, 

FDM recording (pulse-duration modulation) can 
time-multiplex as many as 85 channels of data 
onto each tape track (data from 0 (DC) to a few 
cycles per second). PDM provides high accuracy 
and easy convertibility to digital form. 



OTHER CONSIDERATIONS 


Tape widths of quarter, half and one-inch width 
svith 2, 3, 4, 7 and 14 parallel tracks are Ampex 
standartls. 

Commonly furnished tape speeds are 60, 30, 15, 
7S, 3S and IS in/sec. Others are available. Re- 
corders Imve up to eight speeds. 

Time-base accuracy within 2 parts in 100,000 can 
be provided with .standard Ampex accessory 
equipment. 

Compatibility (for tape interchange) between 
Ampex recorders of same or different models is an 
important Ampex advantage. 

Full performance specifications arc available in 
literature on individual series. 


A general application brochure and Uieratiire on 
_ Individual models are available upon 
I request. Ampex’s Field Sales Engi- 
rs icill be pleased to ansrver ijour 
I Inquiry with si>ecific information on 
' any requirement. 

H’rife Depl. UU-1957 



M.kCNETIC TAPE INSTRUMENTATION 






•l,c world. 





Weightlessness — J'Vhat it is and what Douglas is doing about it 


When man invades outer space where neither 
normal gravity nor atmosphere exist, strange 
things will occur. Automatic functions— swal- 
lowing or even breatliing— will demand the 
space traveUer’s deliberate thought. Exhaled 
carbon dioxide may smother him. Liquids won’t 
flow, and undifTused sunlight wiU bathe him in 
a searchlight glare as micro-meteorites streak 
past at 50 miles per second. Such problems in 
the physiology and psychology of space travel 
have been an active concern at Douglas, ever 
since this Company’s engineers— in 1946 — 
first designed an earth satellite for the military. 




To sJudi/ tile problem of life without weight, Douglas engi- 
neers early proposed flying a curve in which the pilot was so 
balanced between gravity, centrifugal force, and drag that 
he could experience a weightless state. The USAF has con- 
ducted such experiments in a Douglas C-47, The record for 
a pilot is now 47 seconds, although weightlessness has been 
survived by animals for many minutes. 



Forerunner of a practical space suit is the Navy's T-I high 
altitude suit, designed by Douglas engineers for test pilots 
who undergo forces where a 200-pound man weighs more 
than half a ton and at altitudes where his blood would boil. 
The T-1 which has undergone pressure chamber tests equal 
to an altitude of 20 miles up, is only one of the projects com- 
pleted at Douglas to speed the day when man will travel 
through space. 


Depend on 

JLAS 

- Jirst in Aviation 







SIlftSTIE 


remains resilient down to -130 F 


Get latest data on Silastic 
Mail ceupon today 


Paris molded of Silastic*, the Dow Corning silicone 
rubber, retain their shape and flexibility over a 
630 degree temperature span. And Silastic parts 
remain reliable in spite of weathering, ozone, and 
corona, and have very low compression set. All leading 
rubber companies now supply moldings, sponges, or 
extrusions of Silastic. A variety of shapes, colors 
and physical properties, including fuel and solvent 
__resistance, are available. 

Typical Properties of Silastic for Molded Parts 



If you consider All the properties of a silicone rubber, you'll specify SILASTIC. 


first in slltconos 


DOW CORNING CORPORATION • MIDLAND, MICHIGAN 





Western Gear’s wing flap system on 
Lockheed’s newest and largest luxury liner. 
Model 1649, using ball screws to actuate 
335 sq. ft. of wing flap area, helps in takeoff and 
landing. Western Gear trim tab controls on 
both outboard rudders, elevators and ailerons aid 
in maintaining steady, true flight. 
Assignment to design and construct such important 
control systems is evidence of Lockheed faith in Western 
Gear. Western Gear equipment is aboard virtually 
every major aircraft flying today, both commercial and 
military. Take advantage of 40 years of service to the aviation 
industry. Call on a Western Gear aircraft specialist for 
recommendations. Address General Offices, 
Western Gear, P.O. Box 182, Lynwood, California. 






New Exide Aircraft Batteries far 
safer against long flight damage 


The worst risk an aircraft battery can 
face is the repealed overcharging it 
may be subjected to on long flights. Be- 
cause then agents of corrosion quietly 
attack the positive plate grids. 

But in the new Exide Aircraft Batteries 
for commercial planes, grids are made 
of Exide’s exclusive Silvium* alloy — so 
corrosion resistant it actually prolongs 
grid life far beyond average battery life. 
Thus you are protected against the 
dangers of sudden battery failure and 
loss of electrical power just when you 
might need it most. 


Why not benefit from this protection. 
It assures constant response to demands 
of heavy electrical loads as well as longer 
battery life. For complete information 
on Exide Aircraft Batteries, call your 
nearby Exide sales office. Or write Exide 
Industrial Division. The Electric Storage 
Ballery Company, Philadelphia 2, Pa. 





The first Pantobase BLC transport 


The usefulne.ss of military transport 
iiircraft has been exten.sively increased with 
the introduction of the Stroukoff C-J3-1. Pro- 
iliiced for the United States Air Force this 
nigged heavyweight requires extremely 
short take-off and landing riina and can oper- 
ate from any surface— land, sand, ice, water, 
etc. Advanced airframe design ha.s been 
InlereKtiu,/ for qualified e»j 


combined with Stroukoff Pantobase and 
Boundary Layer Control Systems to produce 
a new type of aircraft equipped for a variety 
of a.s.saiilt and logi.stic missions requiring 
operation without the limitation of conven- 
tional runways. 

The Stroukoff C-134 is destined for an 
important role in modern military strategy. 

iMcers in inaau fiehln cyia' nl Slraukaff. 



Exknding rfife Frmtiers of Aimoft Vkrformmce 



AIRCRAFT CORP. 


WEST TRENT 



WHO is your best bet for jet engine roller bearings 



VOL-LL FIM) UIK NAME HYAIT on more 
jet engine roller hearings than aii) other name. 

As Amcricu's largest producer, avc'vc amassed far 
more experience than any other supplier! 

VOL-I.L FIND THE NA.ME HYATT means 
cooperation — «c work hand in liand with aircraft 
engineers, developing new hearings and 
applications— breaking old ‘'hearing harriers"! 


WHY? 


HYATT of course! 


BSI 

Another [£''1'. contribution 
to aviation progress 


YOl -LL FIM) THE NA.ME HYATT will protect 
your production schedules. \\ e've got the tooling 
and llie quality-control systems that cnahle us to 
produce the liifhesl qiiaUlv, in qiiaiuily, on lime! 






High-olliltfde and Missile 
INVERTERS 


AC Voltage Regulators 
(Mognetic Amplifier Type) 

SYSTEM COMPONENTS 


|i I h f 

Spetiol-purpose Tubes 
featuring 

HARD GLASS TYPES 


BENDIX RED BANK -UNEXCELLED PERFORMANCE 
AROUND THE @ AROUND THE 


There’s no questioning the quality of special-purpose 
electron tubes or electrical power equipment when it’s 
made by Bendut Red Bank. The proof is in acceptance— 
almost universal acceptance. Twenty-four hours a day, 
in countries around the world, equipment like that shown 
above is proving that skillful design and export engineer- 
ing (plus an almost unmatched quality control system) 
can build an international reputation for dependable per- 


formance. If you can use quality like this, call on us for 
recommendations. Write toda>- for brochure detailing 
our engineering, production, and service facilities. 

RED BA.SK DlVIStO.'l, BEXDIX AVt.ATIO.X CORPORATION, 
EATONTOWN, NEW JERSEY. 



Red Bank Division 



What is an Alloy Steel ? 


Here is an easy definition to remem- 
ber: An alloy steel is a ^Tade of steel 
in which one or more alloying ele- 
ments have been blended to give it 
S[)eeial pro|)ertie.s that eannot be 
oiitained in carlion steel. 

Or, here is the metallurgical defi- 
nition : ,\n alloy steel is one in which 
the ma-Kinuim specilied content of 
alloving elements exceeds one or 
more of the following limits — 
Manganese, 1.6.S pet; Silicon, 0.60 
pet; Cop|>er 0.60 pet 
or in which a delinile range or a 
definite minimum quantity of any 
of the following elements is specified 
or required within the limits of the 
recognized commercial field of alloy 
steels: aluminum, boron, chromium 
up to 3.99 |)ct, cobalt, colimibiiim, 
molybdenum, nickel, titanium, tung- 
sten, vanadium, zirconium, or any 
other element added to obtain a 
desired alloying effect. 

As a rule, alloy steel is more dif- 
ficult to make than carbon steel. 
There are more elements to be kc])t 
within specified ranges and, in gen- 
eral, the ranges of the alloying 
elements are comparatively narrow; 
hence the mathematical chances for 
producing off-heats are correspond- 
ingly increased. Moreover, most al- 
loy steels require special reheating 
and cooling to prevent such imper- 
fections as flaking and cracking. 

Surface imperfections must he 
removed from the billets by scarf- 


ing, clii|)ping, or grinding. More 
exacting methods of testing and 
inspection arc necessary to insure 
uniformity. 

WHERE DOES IT PAY TO USE 
ALLOY STEEL? 

Generally speaking, it is aehisa- 
ble to use alloy steel when more 
strength, ductility, and toughness 
arc required than can be obtained 
in carbon steel in the section under 
consideration. Alloy grades should 
also be used where specific projuTties 
such as corrosion-resistance, heat- 
resistance, and special low-tempera- 
ture impact values are needed. 

In some cases it requires consid- 
cralile study to determine when and 
how to use a particular alloy steel 
to advantage in a |)ro(liict. Where 
there is any problem or doubt con- 
cerning its use, Bethlehem metal- 
lurgists will gladly give impartial 
advice on analysis, heat-treatment, 
machinability, and ex|5cctcd results. 

In addition to manufacturing all 
AISI standard alloy steels, this com- 
pany produces other than stamlard 
analysis steels and the full range of 
carbon grades. 


bi-:thu-:hi-:m steel comp.any 



BETHLEHEM STEEL 




high temperature 
reinforced plastic 
ducting 


LOOK TO ARROWHEAD for advanced design-new 
ideas, new materials, new techniques— like this new fiber- 
glass-silicon resin Starter Duct Support in the B-S8 Super- 
sonic Bomber. With a weight-strength ratio many times 
greater than steel, this high temperature resin part offers the 
ultimate in serviceability at extreme high and low tempera- 

Arrowhead Research and Development facilities are 


available to help you solve your ducting problems. Only 
Arrowhead has the experience, the ability and the facilities 
to answer all the problems, because only Arrowhead pro- 
duces all three basic types of aircraft ducting— stainless steel, 
rigid plastic and flexible fabric-rubber, 

Write for service or consultation on advance design proj- 
ects. Arrowhead field engineers are located in all aircraft 
centers. 


T/MROWHBAD /S=rj 

ODO ducts 


2300 Curry Street, Long Beach, California 




The Reevee I nstrument Corporation hesde^ned and is building for Air Aesooiates 
the “speedometer'' needed for computing the aecond-stage coasting time 
as a function of the burn-out speed. Essentially an Integrating acoeleromBter, 
It provides a continuous record of velocity as the rocket speed builds up 
and feeds this information into the control unit's computer. 


The control unit, after the computed coasting time has elapsed, triggers 
the system. Stage two is separated and stage three gives the satellite the final 
acceleration required for insuring that the satellite circles around the earth, 


Because of Its vast experience in design of precision gyros and accelerometers, 
Reeves has been assigned the task of developirg an important instrument 
for use in one of man’s great ventures, Project VANGUARD. 


i: 



orNaMics 


AMSmCA. 


(ORK 2S, N, V. 


an important OPEN LETTER concerning 


Your Aircraft Stainless Requirements 



NEW BOOKLET AVAILABLE ON AIRCRAR STEELS OF TOMORROW 

Have you been wondering what is being done in the development of 
aircraft ateele to meet the challenge of supersonic flight? A recently 
published United States Steel pamphlet, "Special Steels for the Air- 
craft of Tomorrow," will bring you up-to-date on what U. S. Steel has 
been doing in its research and development program for your industry. 


▼ TODAY! 







U. S. STEEL SUPPLY I - 




FLY WEATHER-WISE 1^- 

These weather Items prepared in consultation with the United States Weather Bureau 

TEMPEllATlJllin^AllIATIONS 

IN RELATION TO ALTITUDE... 


T emperatures encountered in a single 
flight may vary as muchasl}0°F. or mote, 
These variations ate associated with altitude 
and weather patterns and can affect flight 

Temperature and altitude— Heat from the 
earth warms the atmosphere witli steadily 
decie.ising effect as altitude increases. Tem- 
perature normally decreases with altitude at 
the rate of per 1000 ft. At the tropo- 
pause (top of troposphere.) temperature re- 
mains almost consrant up to 80,000 ft. 
Thetefote, modern aircraft encounter coldest 
air in the ttopopause layer which varies from 
about 28,000 ft. in the polar air masses to 
54,000 ft. in the tropical. 

As altitude increases from approximately 
80,000 ft- to 150,000 ft-, tile temperature re- 
turns to almost sea level condition. This is 
the result of strong absorption of the sun's 
ultra-violet rays in the layer of ozone gas at 
very high altitudes- 

At still higher altitudes, the temperature re- 
verts to extreme cold. 



forecast : Top Flight Performance with Mobil Aero 

Hydraulic Oils and Mobilgrease Aero! 

Instant Control response can be yours despite extreme temperature 
variations, thanks to the wide r.inge of temperature citaracteiistics 
of these top-quality Mobil products. 

Mobil Aero Hydraulic Oil HF and HFA— Tliese low pour point 
and high VI oils help assure trouble-free operation of hyJr.iulic 
control systems, brakes and struts through all temperature ranges. 
Mobilgrease Aero Lo-Temp and General Purpose — These Aero 
greases help assure smooth operation of all sliding and rolling 
surfaces of aircraft pans . . . control systems, be.irings, and gears. 



Hdtor- Bear- Trails 


• Motors avaUable: DC. 60 or 400 
cycle, PM. split series, series, shunt, 
single phase and 2-phase. All are 
reversible. 

e Available with cither governor or 
brake. 

• 1000 hour life minimum- 

• Designed to meet MIL-E-5272A. 

• Precision gearing throughout. 

• Can be furnished up to 125“C- 

• Designed for continuous duty or in- 
termittent duty applications. 
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Other products include seruos, syn- 
chros, AC drive motors, DC motors, 
servo mechanism assemblies, synchro 
indicators, servo torque units, rejer- 
ence and tachometer generators, ac- 
tuators, motor driven blouier ond /an 
assemblies ond /ost response re- 
solvers. Engini 


MANUFACTURING COMPANY! 

Your Aolating Equipment Specialist I 

AVIONIC DIVISION I 

Racine, Wisconsin I 


dvanccd Projects; 

/nteresting, voried uiork on designing transistor circuits ai 
Contact Mr. Zelazo, Director o/ Research, in eon/idenee. 
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Case History from the files of the Wincharger Corporation 

problem: PREVENT CORONA 
FLASH-OVER IN DYNAMOTORS 
AT INFINITE ALTITUDES 



At the end of World War II, Wincharger was provid- 
ing aircraft manufacturers with dynamotors designed 
to operate at 30,000 feet. But as higher altitude jet 
aircraft were developed, this same dynamotor was 
facing altitudes up to 80,000 feet. 

These infinite altitudes presented complex electronic 
problems. One of the more serious was Corona 
flash-over. 


Wincharger's Research and Development Group 
tackled the problem. They found the solution in the 
Dynamotor's insulation. New methods and materials 
were used against Corona flash-over action. And the 
newly insulated Wincharger Dynamotor operated 
with dependable efficiency at stratosphere heights. 


If special purpose Dynamotors and power supplies 
solve your problem, contact Wincharger. Their ex- 
tensive experience in solving problems in all phases 
of these fields is your best assurance of a workable 
solution. „ 

Dept AW-67 



Specifications 


iKpul Nemol ITS Vein B.C. 

Oetpvl Ne. 1 «0« Veil. B.C. al 550 Mill. 

Oulpul No. 2 250 Vein B.C. el ISO Mill. 



WINCHARGER CORPORATION 



ooiiffliniEs ^©DilDE^IEllfflEKnr 

=L, in missile telemetry 





From BUMBLEBEE (o 2h* new ballistics programs 

Bendix-Pacific has contributed a steady succession of telemetering achievements to 
America's missile development programs. 

A true pioneer in missile instrumentation, Bendix-Pacific Components and Systems 
have been used by most major missile programs for the past eleven years. Now, 
with its latest assignment, Bendix-Pacific is proud to add the ICBM and IR8M 
missiles to the growing list of projects on which it has played an important part. 



Cast Coast Office: P. 0. Box 391, Wilton. Conn. • Dayton, Ohio: 120 W. 2nd St. • Washington, O.C.: Suite 803, 1701 "K" St., N. W. 
Canadian Distributors: Computing Devices of Caneda, Ottawe 4, Ontario • Export Division: Bendix Intetnntional, 205 E. 42nd St., New York 17 








Increasingly higher speed and 



thermal characteristics eee 


Engineering developments that make Roilvtray 

Cylindrical Roller Bearings suitable for a 

wide range of aircraft applications 


Eight after tire Wright brothers’ flights at 

Kitt>'hawk, Rollway began the production of cylin- 
drical roller bearings. Careful inspection, metallo- 
graphic checks, design evaluations and lubrication 
studies have steadily improved the range, speed, 
stress, ambient and operating temperatures. 

We produce the practical, while we develop the 
science of the possible. Our key personnel are always 
ready to work on experimental or production models 
where liigh-slress. liigb-temperature. and high-pre- 
cision bearings are essential. 

Illustrated are a few of die Rollway Bearing produced 
for general aeronautics use. Not illustrated, Tor obvious 
reasons, arc Rolhvay experimental bearings developed for 
lest in various projects. A wire, letter or print will initiate 
cooperative relationship (hat could be mutually reward- 
ing. Rolheo'j Bearing Co.^ Inc., SijrocuK, N. Y. 


RotLuny 


BEARINGS 


■NeinitiiNS oificisiS'MCusfiosion- chiCaOO' Dilioir* tosoNio • fim»u«OK • ciwiiano- • SiAirti • Houston • h«haii(ip«a • lOSAMOlitS • 5am«anciico 







Can you use the e\peri< 
successful engineers 'ij’l 


h\ a lUodc 
advanced < 


this traitm0rk StatiJs far the finest indvsrrial gearing made 


FOOTE BROS. 


knowledge, and skill of our seasoned and 


They are available iiiiineilialely to solve design, developriieiit and 
protiui'lioii pralileiils iiivnls iiig puuer traiii-inisHioii. aeliialioii or gearing 
every phase of the aviation imliislry. Anil ihey'ro huekeil 
. preeisimi pnidiielioii plant — a plant ea|>iihle of (ranslatijlg 
necjils into |irceisiun eoinpmicius and assemblies 
troiliiciinn basis. 


Aou can eouiil on Foote Uros. eiighieeriiig and faeililies 
to eome (linuigli with the ansuer and the iiroilucliort 
wherever and wlioiicver yon need it. It will pay you 
to ask Foote Bros. First. 


FOOTE BROS- GEAR AND MACHINE CORPORATION 

4589 South Western Souievard, Chicago 9, Illinois 






is there 

A NEW, LARGE CAPACITY 3000 PSI 
PUMP SERIES WHICH • • • 

Is Designed to Meet Latest Military Specifications? 
Provides the Highest Hp/Wt Rotio? 

Hos the Smallest Envelope of any 10 gpm Pump? 
Features High Overall Efficiency? 

Has Control Stability with Short Differential? 

Is Equally Efficient as a Pump or Motor? 



THE STRRTBPaUltR' OVER-CENTER PUMP 

The New STRATOPOWER Over-Center Pump, now undergoing tests, is exhibit- 
ing performance characteristics that ore exceeding expectations. This smooth- 
running, self-priming Pump with notably low pulsation and transient pressure 
choiacteristics, is the answer to many hydraulic problems for large aircroft 
systems. Progress reports on this important development will be sent to engi- 
neers interested in advanced hydraulic design, 


WATERTOWN DIVISION 

THE NEW YORK AIR BRAKE COMPANY 

WATERTOWN • H. Y. 


<§) 


STAR8UCK AVENUE 



Which one ot these 

Genisco centrifuges meets 
your requirements for testing 
components under simulated 
operational G-loadings? 

. , as required by Mil 5272A, procedure II 


Genise 


means of testing components in an acceleration 
environment similar to that encountered in actual 

They are extremely accurate machines, easy to 
operate and built to withstand years of hard use. 

These features particularly suit them for large 
volume testing programs, as well as for precise 
laboratory prototype development. 

More than 100 Genisco C-Accelerators of 
various capacities are now in use throughout the 
world. 

Complete technical information on all models 
and accessories is available. Please direct your 
inquiry to; Contracts Manager, Genisco, Inc., 
2233 Federal Avenue, Los Angeles 64, California. 


chine, designed to test bcci 
ometersano other in-stnim 
under acceleration fc 
1 to S30 C's. Full centtllu) 
capacity is 1000 G-pounc 
Nominal radius of gyrati 


accEssoiiES ADO TO OAEtAiiNe EASE A Dumber of 
accessories including a strobe system, air sys- 
tem, optical system, tub cover, access doorway, 
and slip ring systems, designed to give greater 
operating convenience, are available for Genisco 
C-AcceIei8tors, Models B78 and C159. 
Mc^iGcations in any basic machine or 
be carefully considered. 


WELDING PROGRESS REPORT 


Leading Aircraft Subcontractor 
Proves Job Shop Economy 
of Sciaky Counter Weld Control 


Electronic \\'dding Company of 
Los Angeles, California, has now 
com|)lctcd O'Cr eight months pro- 
duction experience uitli the iicu' 
Sciahv Predetermined Electronic 
Counter Controlled Resistance 
W'clder. Tlicir experience proves 
that the advantages of the new Sciaky 
welder already proved in high ]5io- 
dnetion service apply equally to "job 
shop" requirements. 

Ease of Set-Up 
Is a Key Factor 

Mr. George Palmer, President of 
Electronic Welding Company, sums 
njj his axpcricnce when he says. 
"The new Sciaky welder control 
gives us a definite advantage over the 
R-C timer. We get itmisual case of 
developing and repeating weld sched- 
ules, including those requiring certi- 
ficationinaccordanccwithMil.vpecs.” 

Versatility is Vital 
for Job Shop Operations 

Tlie versatilitv' of the Sciaky Pre- 
determined Electronic Counter Con- 
trolled Welder makes it the logical 
answer to Electronic ^^'clding Com- 
pany’s requirements. Simple set-up 
minimizes the need for hard-to-get 
skilled labor. Its suitability for alumi- 
num, steel, stainless, jet engine al- 
loys, brass, etc., makes practical the 
use of the machine on both aircraft 
and non-aircraft work. 

At Electronic W'clding Company, 
a single Sciaky spot welder is used 
for work on the J-57 program and for 
airframe structurals in the F-104 and 
B-52 programs. Cunent usage is two 
ten hour shifts per day. 

Mr. Palmer states that "having 
a Sciaky Predefermiiicd Eiccfronic 
Counter Controlled Welder is al- 
most prerequisite to getting subcon- 
tracts from airframe and jet engine 
manufacturers and ordnance con- 


tractors as well as from cnmnicrcial 
manufacturers who require the high- 
est standards of weld safety and 
economy.” 

To |3rove his confidence, Mr. 
Palmer has placed orders for two 
more of the new Sciaky kk'cldcrs. 
One is a s|>ot welder, the other a 

Production Advantages 

Important to all who require safe, 
economical welds is the precise con- 
trol provided by the new Sciakv 
W’eldcr. Users report that they get 


precisely what they set on the weld- 
er. Tbc machine cannot dev iate from 
its setting and it is consistent 
throughout the entire range of ad- 

.\nothcr advantage is the sini|>lic- 
itv of maintenance. Plug-in sub-as- 
scmblv control units make it possible 
to rc|3lacc a unit in a matter of min- 
utes. Further, the plug-in feature 
Ijcrmits casv addition of additional 
functions if they are ever required. 

Literature Available 

Technical bulletins complctelv de- 
scribing the new Sciaky Predeter- 
mined Electronic Counter Weld 
Control arc available. ^V^ite on voiir 
conipanv letterhead requesting Bul- 
letins 338 and 339. Tlierc is no obli- 
gation. 




Aircraft 








re controls 
hable pod 

lustier” built by 
"pod" under its 
is capable of per- 
To maintain a constant lempera- 
a pod (light test equipment compartment, Convair has chosen 
a Barber-Colman temperature control system. Other Barber-Coiman 
equipment is furnished to contractors of the B-58 air conditioning 
system. For help on your control projects, consult the Barber-Colman 
engineering sales office nearest you: Los Angeles, Seattle, New York, 
Fort Worth, Baltimore, Montreal. 


■ 








Uniformity in handling and service performance 


Aircraft Cable * Terminals * Assemblies 


by MACWHYTE 


Uniformity in handling -uniformity In service are attained through rigid quality 
control and precision manufacturing. That's your assurance when you use 
Macwhyte “Hi-Fatigue" Aircraft Control Cable, Terminals, and Assemblies. 
There's a complete line of sizes and types of Macwhyte Aircraft Control Cable 
in Galvanized, Tinned, and Stainless Steel. Properly PREformed, "Hi-Fatigue" 
cable lies dead with no tendency to unlay, twist, or curl. Assemblies can be 
made to closer tolerances, because there is minimum uniform stretch in any 
length of cable. 

Macwhyte "Safe-Lock" Stainless Steel Terminals for swaging are manufactured 
to exceed the requirements of Military Specifications. 

Macwhyte Aircraft Cable is available in reel lots or cut to length. Terminals are 
sold loose or attached to cable. Assemblies are made to order. 

Ask for Macwhyte Aircraft Catalog A-3. 



WHICH of these Actuetion Problems are YOURS? 

□ POWER CONSUMPTION □ SPACE WEIGHT □ PRECISION 

□ TEMPERATURE □ LUBRICATION | | DEPENDABILITY 

SAGINAW b/b SCREWS will help you solve them! 








TAILORED TO WITHSTAND ENVIRONMENTAL HAZARDS 


'Originally inlroduced os Bendi* r Scinseo/, (his remoffeoble profechve cov- 
ering for wiring oisemb/tes hos ochieved wide oeceplonce because of its 
verso/i/itjr ond odoptabiWy to virtually any inslallation condition. Benseal 
is identical to the product produced under Ihe former nome Sc/nseo/. 


If your operations require the use of 
wiring assemblies which must function 
in extreme temperature conditions 
or svithsiand other ensironmental 
hazards, you need the protection of 
Benseal. It is the perfect protective 
material for wiring assemblies and 
usually eliminates the need for metal 
conduits. 

The Benseal process was developed 
l>y Scintilla Division of Bendix for 


the fabrication of wiring assemblies 
using polyvinyl sleeving and molded 
junctions. It is formulated to provide 
wiring with an air-tight seal against 
operational hazards and gives the 
protection you need, whether your 
proljlcm is extretne heat, extreme 
cold, fuel and acid proximity or, per- 
haps. a combination of these factors. 

\Vhatc\cr your wiring assembly 
diniculiies may be, it'.? a good bet 


that Benseal can help you solve them, 
(t conies in varying colors, each indi- 
cating a dilTcrcnt function, and can 
also Ijc hot-stamped to provide posi- 
tive identification. Nfany electrical 
connector adapter molds arc avail- 
able, as well as the T’s, Y's and 
variable molds necessary to provide 
reliable assemljlics of any configu- 

Dctailed information and data on 
Benseal arc availalslc on request. 

TION COBI'ORAIION, SIDXRY, XEW YORK. 



Ctrcle Number 30 on Reoder-Serviee Card 


LAVELLE.. • Wherever Precision Fobrication is Required 



FAIRINGS 


BAFFLES 


COWLINGS 


SHROUDS 


ENGINE MOUNTS 


ENGINE DUCTS 


SHIELDS 


COMBUSTION CHAMBERS 


BURNER SUPPORTS 


COMBUSTION LINERS 


EXHAUST NOZZLES 


FLAME HOLDERS 


SEALS 


ENGINE CASINGS 


SHELTERS 


HOUSINGS 


REFLECTORS 


CONSOLES 


NACELLES 


Lovelle AlrcreflCerpereflon • Newtown, Bucks County, Pa. 

Between PlitladcIphie, Pa., anil Titnion, N.J. 


PRECISION WELDED AND MACHINED SHEET METAL PARTS AND ASSEMBLIES 


AIRFRAME AND ELECTRONIC COMPONENTS 


JET ENGINE, MISSILE, 


ROCKET, 






FABRICATED OF STAINLESS STEEL, TITANIUM, NICKEL AND ALUMINUM ALLOYS 


TO GOVERNMENT SPECIFICATIONS BY CERTIFIED MEN, METHODS AND MACHINES 


Lavelle’s services include engineering 
production planning, tool making, machine 
shop and sheet metal facilities . . . inert 
gas, resistance and metallic arc welding, 
inspected by X-Ray, Zyglo or Magnaflux, 
painting, anodizing and qualit)' control. 


Write for this illustrated brochure describing Lavelle's specialized fabricating 






New from Clary! 


“G-u-iciecl” val'ves 
for* gxiicieci missiles ! 

high-pressure line valves with 
5 chmces of actuation! 


Now you can “guide" the operation of these valves with 
5 different actuation systems-solenoid, pneumatic-hydraulic, 
manual, explosive or shuttle! A truly complete line 
of high-pressure line valves. 

Here at Clary, our years of experience in manufacturing 
guided missile components - gyroscopes, servo-actuators, 
propellant valves, telemetering transducers - now enable 
us to bring you these high-pressure line valves built 
with the same precision. Our extensive inspection and 
quality control guarantee the maximum reliability 
required of missile components. 

When precision, reliability and versatiiity are 
factors in your plans, please call on Clary 
for complete services, Including: 

DESIGNING AND TESTING to established 





PRODUCTION-ENGINEERING of component 
and complete assemblies covered by your 
prototype, sketches or drawings. 






Taming hard-to-work titanium 
with “purge chamber” welding 


AIRCRAFT AND MISSILE DESICNERSCall for 

more and more titanium. The superior 
strength-to-wfight ratio of this new 
metal saves vital pounds in airframe, 
engine and missile components. Solar is 
leading the way in taming this hard-to- 
work metal. 

The plastic purge chamber, shown 
above, is a Solar development to 
facilitate welding of titanium in an 
atmosphere which protects the weld 
from elements in the air, !t is one of 
many advanced fabricating techniriues 
perfected in Solar laboratories to help 


realize titanium's promise. As a result, 
Solar today is among the largest users 
of titanium for aviation purposes, and is 
constantly testing and working with 
new materials requiring e.vpcrience and 
expert ability. 

This is one example of Solar 
advanced technology— a combination 
of skills, facilities and forward-looking 
pioneering. Perhaps Solar can bring a 
ficsli viewpoint to yoiir dilRcult metal- 
working problems. Write to Depart- 
ment D-.31, Solar Aircraft Company, 
San Diego 12, California, 


SOLAR 

AIRCRAFT COMPANY 



IPn/c jor if. 

• COATINGS • METAL ALLOT PRODUCTS 


Ne^v “Solar Advanced Technology" facilities brochure is of uilne to yon , , . 
DESIGNERS, DEVELOPERS AND MANOFACTURERS • SAS TORBINES • AIRCRAFT AND MISSILE COMPONENTS • BELLOWS • CONTROLS 





Margin for Error ... None.' 


^ an ..wing iiiLo yutir final approoob, ,\L |m'cisclv ifio righl iiiAtaiil Lhe Landing 
Signal Ollicer llagA von lo cut voiir poiver — auil vtiu’rc ahoanll ir .Suvli skill and 
pTeeiNion U indii-ative of lh.it winch la rcqnircil imlav in crerv pha;ic of die airiTafl 
iinluAlry, The bearing.^ in modern jet Liirhinet,. fnr insLanec, iniiet he Iielii In 
aeeiiratc lolcmnces measured in millionllis of an ineli. 'I'liat's aliv llie leading 
Jel liirbiiie maimraetiirers speeifv Hoaer airei'afl liearing.-i first. Tlieir exeejitimial 
high qualitv and unerring preeiaion allov Iloiver hearing.s (o stoml unbelievable 
Inrhine Rpeeds and temperalnres — that iiiateli the Nuperrimic Npeedi* of loilav’s 
jet aircraft— irilA a mininuini nj Inhricalion. 'i? \\ liulever you prmhiee, if it uses 
liearingA, specify Bo»er! Chouse from a complete line nf lafiereU. straight ami 
Jnnrnul roller bearings for everv field of Iransporlalion and indusirv. 

BOWER ROLLER BEARING DIVISION 
FEDERAL-MOGtn-BOWER BEARINGS, INC. • DETROIT U, MICHIGAN 



BOWER 


ROLLER BEARINGS 









Allis-Chalmers 

Compressors 

develop supersonic and 
hypersonic air speeds to 
test planes and missiles 

Flight conditions at two, three, ten times the 
speed of sound are duplicated with scale models 
and for full-size jet engines at the U. S. Air 
Force's Arnold Engineering Development 
Center, Tullahoma, Tennessee, 

This photo shows some of the Allis-Chalmers 
equipment used to whip up these tremendous 

Axial and centrifugal compressors with a 
combined rating of four and one-half million 
cubic feet of air a minute . . , driven by 300,000 
horsepower of electric motors, with all neces- 
sary power transformers and control equip- 
ment, are among the drive systems installed in 
the Center's three laboratories. 

Allis-Chalmers furnishes axial flow, centrif- 
ugal and rotary compressors for all wind- 
tunnel and engine test applications, 


Trimming vital years from the 
nation’s aircraft development 
program, A-C equipment is aid- 
ing in research by the USAF's 
Wright Air Development Cen- 
ter, NACA's I,angley and Mof- 
(et Fields, and major producers 
of aircraft and engines. 


Other Equipment Available to Simplify Engineering 

Allis-Chalmers also builds transformers, control, switchgear, motors, and unipolar gener- 
ators for use in wind-tunnel and test facilities. For information, contact your nearby A-C 
office or write Allis-Chalmers, Industrial Equipment Division, Milwaukee 1, Wisconsin. 

ALLIS-CHALMERS 
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OUR 

BUSINESS IS 
PRESSURE 
ACTUATED 
SWITCHES 

W E take a lot of pardonable pride in considering 
ourselves leaders in the design and development 
of Pressure Actuated Switches . . . From Absolute Zero 
to 15,000 psi . . . Chances are there is a Meletron 
Pressure Actuated Switch in our standard line that will 
meet your requirements . - . With us pressure and 
vacuum actuated switches come FIRST. For more than 
20 years we've been building aircraft and industrial 
pressure switches. We know we have pressure switch 
‘know-how’ . . . And, if one of our regular model 
Meletrons doesn’t solve your particular pressure con- 
trol problem, then we'll build one that will. 




MEUIRDN CORPDRIITiail 


ENBINEERS AND MANUFACTURERS 




FROM TRANSISTOR CENTER. U.S.A. 


NOW... a full selection of 


PHILCO Transistors 


For Reliable Performance . . . Stability of Operation . . . Long Life ! 


Proven performance of Philco 
Hermetically Sealed Transistors 
has made them the basis for 
design in commercial and mili- 
tary applications where relia- 
bility is the major consideration. 
Philco transistors range from 
the world's smallest germanium 
transistors now in production 
to silicon transistors with ex- 
cellent performance at tempera- 
tures from — fiO'Cto +150“C. 

Philco produces a wide 
range of transistors designed 
for special applications in ac- 
cordance with customer require- 
ments. The Philco Micro-Alloy 
Transistor is in production. 
Specifications and design quan- 
tities are available. New and 
exciting transistor types, such 
as the Philco Micro- Alloy Grad- 
ed Base Transistor, are now 
in development. In keeping 
with our policy, specifications 
will be made available as soon 
as these units reach pilot pro- 
duction and are available in 
design quantities. 

Moke Pf»7ce your prime source for 
eemplele transistor oppiication in- 
formation . . . write to Lanschle Tube 
Company, Dept. l-2/Lonsdole,Penna. 

Pepsnal eficis — MircbaHdiit'Mart Piaza, 
Ciicagt S4, lU.— meS Uma Manica 

BU.. iM AnpUs 3}. Calif. 


LANSDALE TUBE COMPANY DIVISION 

LANSOALE, PENNSYLVANIA 






The new pride of Eastern . . . 
PROTECTED BY SINCLAIR 


Latest Eastern Air Lines plane to bear the illustrious Golden Falcon name is the 
Super G Constellation. This new titan of the skies carries 70 passengers — has an 
increased cruising range and includes 107 new design features. It embodies new luxury, 
style and comfort — retains its traditional dolphin-iike grace and triple tail. 

Its four great Turbo Compound engines that generate 13 thousand horsepower are 
protected with Sinclair Aircraft Oil. Eastern uses Sinclair Aircraft Oil exclusively be- 
cause of its proved quality and dependability over the years. In fact, today 45% of the 
aircraft oil used by major scheduled airlines in the U.S. is supplied by Sinclair. There’s 
no better proof of reliability. 


SINCLAIR AIRCRAFT OILS 

Sinclair Refining Company, Aviation Sales, 600 Fifth Ave., New York 20, N. Y. 




THE FLIGHT HEARD 'ROUND THE WORLD 


Recently three B-52 bombers flew around the world in 
45 hours and 19 minutes. They were only specks in the 
vastness of the sky, yet they were in voice-contact every 

KC-97 tankers that refueled them in the air. 

Their speed-of-Ught contact was the AN/ARC-21 Uaison 
communications set in each of the ships. This is a long- 
range, pressurized, high-altitude airborne system, capable 


of world-wide communications. It may be operated by 
the pilot, so no radio operator is needed. It is character- 
ized by minimum training requirements, simplified 
maintenance, high reliability, positive channel selection 
—with a choice of any 20 of 44,000 frequencies. 

In this as in other ways, RCA serves our Nation's armed 
forces. RCA scientists and engineers are constantly 
creating, designing and producing new and better elec- 
tronic systems and equipment. 



RADIO CORPORATtOH of AMERICA 

D£FSf/S£ £L£CTROWC PRODUCTS CAMD£N. N. J. 



...BeCClUSB MENASCO COULD MEET THE 


CHALLENGE OF COMPACT, STRONGER, LIGHTER LANDING 
GEAR FOR HIGH SPEED NAVY AIRCRAFT 


Chan'ce Vought record-breaking Crusader jet fighters require 
extremely rugged landing gear to operate from aircraft carriers. 
The designs for ihe main and nose gear called for great strength 
in order to absorb maximum sink speeds and arresting tension; 
the weight-saving combination of steel and aluminum; and the 
highest mechanical specifications. 



Menasco was chosen to fabricate the Cfinnce Vought Crusader 
landing gear and not only met but exceeded all requirements. 
The gear is the lightest, strongest and most compact of any 
carrier aircraft. Menasco's advanced ideas in the application 
of materials and progressive techniques in precision produc- 
tion of landing gear assures built-in gualily and reliability. 



first ill development, quality, delivery and service. 

menasco manufacturing company 

BURBANK, CALIFORNIA • FORT WORTH, TEXAS 
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READS JET ENGINE SPEED to 
GUARANTEED ACCURACY of 
10 RPM in 10,000 RPM (±0.1%) 


The inter-relation of RPM to efficiency and thrust in jet engines is 
fundamental, Proper adjustments for maximum thrust, maximum engine 
life and maximum safety of operation can be made only upon accuracy 
of instrumentation. The Takcal tests to guarantee that accuracy. 

The new B & H Takcal incorporates a refinement of the frequency 
meter principle. It operates in the low {0 to 1000 cps) range, reading 
the frequency of the tachometer generator on a scale calibrated in 
percent RPM corresponding to the engine's RPM- It reads engine speed 
while the engine is running with a guaranteed accuracy of ±0.1% in 
the range of 0 to 1 10% RPM. Addilionaily, the Takcal circuit can be 
used to trouble-shoot and isolate errors in the aircraft tachometer 
system, with the circuit and tachometer paralleled to obtain simultaneous 
reading. 

The Takcal’s component parts are identical with those used in the 
J-Model Jetcal Analyzer. They arc here assembled as a separate unit 
tester and for use with all earlier models of the Jetcal Tester. 

The Takcal operates accurately in all ambient temperatures from 
— 40*F. to 140*F. Low in cost for an instrument of such extreme 
accuracy, it is adaptable to application in many other fields. 

For full Information write or wire . . . 


B & H INSTRUMENT CO.. INC. 

3479 Wesf Vickery BM. • fort Worth 7, Texas 


e& H makes the JsrCAl^ Analyser 
and rtMACAl* Tester 




VAllEY STREAM, N. Y.j 108 S«. franklin, 10 1.S220 e OATTON, OHIO; 209 Coimnertlol Bldg., Ml A563 • El 5ECUNOO, CAL; 427 E. Grand A.«., EA 2-U44 



TEST RADOMES AUTOMATICALLY 





by STANDARD OIL COMPANY OF CALIFORNIA 
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Air-to-ground “talk” speeds mountain rescue 


Lost in llie high forests of Soulliwest Utah with cold and 
darkness closing in! It looked like an unpleasant night 
ahead for a mother and her four young children who had 
strayed from their party. Then state police called Royce 
Knight for help. In less tiian two hours he combed a 
hundred square miles of rough country, spotted the lost 
family's campfire, and led the ground party to them by 
walkie-talkie! 

“Low-level night flying isn't much fun,” says Mr. Knight, 
"but it's not too bad when you're sure of your engine. I 


Chevron Aviation Gasoline. It never fouls plugs, gives me 
extra power when 1 need it, and still lets me lean back for 
economy at cruising speed. 

“Flying out of Cedar City, I do a lot of crop dusting and 
spraying — the kind of work that's toughest on an engine. 
I make sure my planes stay in toji shape by using RPM 
Aviation Oils. I’m getting 20U extra flying hours between 
overhauls since I switched to 'RPM.' Parts stay clean and 
free, valves never stick, bearings are perfect.” 




SMALL WORLD —The world of the diode . . . the transistor . . . the printed 
circuit. ..the new magnetic and dielectric components — this world expands in sig- 
nificance as it shrinks in physical proportions. Popularly symbolised by the tinier- 
than-ever hearing aid and the pocket radio, the new, small world of solid state 
circuitry is omnipresent. It safeguards our skies. It simplifies our living. It opens 
new doors to learning. 

Stewart-Warner Electronics has pioneered in the development of solid state cir- 
cuitry. Out of 8 manufacturing environment second to none, Stewart- Warner 
Electronics is mass-producing equipment containing solid state devices by the 
thousands of units. 



One of 160 plug-in modules for the 
desk-siio Stewart-Wemer Data Proc- 
essing Unit. Modules employ solid 


Your problem of solid state circuit design and production techniques 
will be handled at Stewart-Wamer Electronics with equal efficiency. 
If you are an engineer interested in advanced circuit development, 
write: Stewart-Wamer Electronics, Dept. 14, 1300 North Kostner 
Avenue, Chicago 51, Illinois. 


^ELECTROniCS 
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Johns-Manville sfructural insulations 

offer you unparalleled design flexibility 


Proof of this design flexibility can be seen 
in the intricately designed structural in- 
sulations Johns-Manville is now pro- 
ducing for the aviation industry. 

Precision formed through recently de- 
veloped methods, Johns-Manville struc- 
tural insulations meet the exacting design 
specifications of aircraft manufacturers. 
They provide the closer temperature con- 
trol needed for supersonic performance. 


And— equally important— they are in- 
tegral structural parts that resist vibration 
and corrosion to keep maintenance and 
replacement at a minimum. 

J-M aircraft and missile insulations are 
made of high-heat resistant alloys enclos- 
ing Thermoflex® refractory fiber felt. The 
finished part is light in weight . yet possesses 
unusual structural strength and rigidity. 

So whether you'rein the blueprint stage 


or in prototype testing, whenever and 
whereveryou need HEAT control— call in 
J-M. Our insulation specialists will give 
you the design help you need ... the very 
latest information on insulalion methods 
employing stainless steel, titanium and 
other light-weight, heat-resistant alloys. 

Write Johns-Manville. Box 
!4, New York 16, N. Y. In 
Canada, Port Credit, Ont. 
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Build smaller, lighter electrical assemblies 
with new Airborne miniaturized capacitors 


\ou can tiow tcducc ihc weight and bulk 
of electrical and electronic components 
still further with Airborne's new minia- 
turized capacitors. 

L'tiiizing Mylar dielectric and a .special 
conductor, these new Airborne capaci- 
tors have exceptionally high microfarad 
ratings per cubic centimeter — up to 12 
times higher than those of ordinary ca- 
pacitors. 

Airborne miniaturized capacitors are 
rated at 200 v d-c and have an operating 


temperature range of — 7.fi°F to -i-300®F 
with a capacitance ehaiige of only 12/c. 

At 300°F they will withsland l.fiO% 
laled voltage for 2.50 hours through a 
resistance of 1 ohm |)ci' volt. 

Available w ilh 3 terminal options. Air- 
borne standard design miniaturized ca- 
pacitors ore furnished in hermetically 
sealed metal containers to meet Govern- 
ment specification MIL-C-25A. 

Write, phone or wire for more 
information and quotations 



LINEATOR® • ROTORAC* • TRIM TROL* • ROTORETTE® 


ANGLGEAR® • ROTOLOK 
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SPS Hi-Ti titanium bolts help you build 
lighter airframes without sacrificing strength 



SPS Hi-Ti titanium bolts help you solve the problem of 
reducing airframe weight without compromising strength. 
They weigh 43% less than alloy steel bolts of the same size. 
One lb. of them can do the work of I H lb. of steel bolts. 

0 and fatigue resist- 

3rm steel, 

a laboratory curiosity, titanium bolts 
1C been standard production items at 
are found in many advanced design 
t. This is because SPS— producer of the 

ral years of high priority research in 
D deal with this promising but sensitive 
metal. Today SPS has the most extensive facilities in the 
industry for the production and testing of titanium fasteners. 
As a result, we can give you both the technical assistance 
and the delivery you need to utilize fully the advantages of 
titanium bolts in your current airframe projects. 

For more information on Hi-Ti titanium aircraft bolts, 
write Aircraft Products Division, Standard Pressed Steel 
Co., Jenkintown 3, Pa. 


SKHDMP fRtSSCO SIECl CQ. 

sps 

lENKIHTOKN ■ PENNSTlVtHUI 


AIRCRAFT PRODUCTS DIVISION 





KEEPING INSTRUMENTATION 
A STEP AHEAD OF SPEED 


AVIONICS IN ACTION AT EURFOUG;; 
FROM RESEARCH AND DEVELOPMENT 
TO PRECISION MASS PRODUCTION 

Todoy's dromatic developments In Oircralt per. 



THE FOREMOST NAME IN COMPUTATION 






NEW VERSATILITY FOR THE AIR FORCE 

....BY SCHULZ AND W, A. D.C. 



SCHULZ TOOL AND MFC. CO. 

425 SOUTH PINE STREET-SAN GABRIEL, CALIFORNIA 

Ea.t.fn ftepr.s.n ( of iv« — £oir Coait Eng>n.*rlng Sol.« ond Ssrvlc, T40S Norlh.rn Blvd., Roslyfl, N.w York 
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AVIATION WEEK 


Research Is Lifeblood oi Aviation 


Research is the lifeblood of the aviation 
industry. fT'ilhout a constant flow of nour- 
ishing neir technical data being pumped 
into industry from its researchers, the vast 
machinery of the nation's largest single 
manufacturing industry irould soon grind 
to a halt. 

A'o other industry, icith the possible ex- 
ception of nuclear energy development, is 
more dependent on swift, sure technical 
progress for its future than aviation. Mo 
other industry has raced through its tech- 
nical spectrum so fast during the />ast 50 

Since the first piloted flight of the K'right 
brothers in 1903, the aviation industry ha.n 
been astride galloping technology of an un- 
precedented pace. Consider the fact that 
only 54 years after the Wrights’ fabric, 
spruce and wire biplane lifted off \ortb 
Carolina sand dunes using a 12 hp. engine 
and handcarved wooden propellers, man 
flew faste.r than 2.100 mph. and reached an 
altitude of 126,000 ft. 

MULTIBILLION DOLLAR EFFORT 

TO supponT THIS TEnniPic pace of technology, 
liie aviation iniiiiatiy aiij agencies of tlie federal 
government have Iniill a vast foundation of 
skilled technicians and modern research facil- 
ities. Research and development in aeronantics 
and its supporting sciences has grown to a multi- 
liillion dollar annual effort and shows no signs 
of stopping its phenomenal growth. 

The aircraft industry today is ploughing 13' i 
of its sales dollar hack into research and de- 
velopment — the highest ratio of any major U. S. 
indiisliy. This vast research and development 
effort emhraces the resources of Air Force, Navy 
and Army, the vast industrial complex of the 
nation’s largest single manufacturing industry, 
plii.s the .skills and lalioralories of the university 
system. 

During the past few years the cliaracter, scope 
and prohlems of this research and development 
have been changing radically. Purpose of this 
Special Research and Development Edition, pre- 
pared hy .\vi.^TiON Week’s start of engineers, 
pilots and aviation experts, is to chart the growth 
of this program, map the significant trends in its 


organization and character, and to provide a 
guide to its facilities and how its business is 
conducted within the framework of expansion. 

GUIDE TO AIRPOWER’S FUTURE 
LIKE PREVIOUS .Aviation Week special docu- 
mentaiy reports on Air Reseairh and Develop, 
meni Command and -Air Materiel Command, this 
issue is intended to .see tong service as a useful 
business tool for the technicians and managers of 
the aviation industrv — to provide them with a 
guide to airpower’s techiiicial future. 

Research and development programs devoted 
to aviation and its related sciences face many 
acute problems in fulfilling their basic function 
of laying a sound technical foundation for future 
development of the iiuliistry. Perhaps most acute 
is the need for continued expansioi] at the rate 
required to fully exploit the many new technical 
ureas opened as a result of earlier research. 

The history of aeronautical research and de- 
\elopnient has been marked hy periods of foreed 
draft, crisis operations followed liy lengthy dol- 
drums, where public interest lags and dollar sup- 
port dwindles to an insignificant trickle. This 
lesson of feast and famine now appears to have 
been learned. Since the oiitiiB-eak of the Korean 
War it has been possible to keep a fairly stable 
How of money and technical skills into the re- 
search and development program. But the rapidly 
increased pace of technological development gen- 
erated by llte high level of researi'li and develop- 
ment activity has created new budgetary problems 
and given rise to the ‘■constant-level” research 
biulgcl fallacv. 

ReseaBcb and development by their nature are 
dynamic progressive processes ami do not fit 
Hiiigly under an artificially imposed budget ceil- 
ing. Each major technical area opened by basic 
research creates a whole new family of problems 
that must be solved if fruits of a major tech- 
nological breakthrough aie to be luirvested effi- 
ciently. In addition researub and development 
effort constantly provides technology that enables 
industry to create new products for both civil 
economy and military use. 

Ill |ilace of the fallacious "conslant budget 
level ' polic y that now dominates government 
controllers of research and development pro- 
grams. a more realistic fiscal approach is reijuired. 
geared to the creative cliai'aiHer of research effort 
and full recognition of the effects of dollar in- 
flation on the absolute scale of re.search results. 

There is considerahle controversy over just how 


large a role the Defense Department slioalci play 
in the aci'onacilical research program. Histor- 
ically. Defense Department lop level civilian 
managers have had only a dim concept of the value 
and pcoper role of basic research in both military 
and civil industrial picture. They have tended to 
place heavy emphasis on applied results made 
possiiile hy basic exploratory research without un- 
derstanding too clearly where and how this data 
originates. 

Such organizations as the National Advisory 
Committee for Aeronautics. Office of Naval Re- 
search and .\ir Research anil Development Ccim- 
inaiid that have responsibility for operating re- 
search in aeronautical sciences, encounter hea\T 
pressure from top level defeii.se officials to hend 
their effort more toward development and away 
from basic research. 

There also is some feeling in industrial research 
circles that the Pentagon is not the proper place 
for the direction of the basic lesearcli program. 
These research managers feel that basic research 
would thrive better under a more scientifically 
weighted organizaliim such as a revived and invig- 
orated National Science Foundation. 

There also is a strong trend in industry to de- 
vote more of its effort to basic research in specific 
fields rather than to concentrate solely on product 
di'\ ciopment. 

NEW FACILITIES REQUIRED 
THE RAi’iD PACE OF TECHNICAL development also 
has produced an acute need for new types of 
research development facilities, .\mong new kinds 
of facilities now reijuirej are iivpeisonic wind 
tunnels, pressure and altitude engine test cells, 
solar furnaces, nuclear material testing reactors, 
supersonic sled tracks and captive missile test 

Neither planning nor implenientation of major 
government reseaiTh and development facility 
construction programs have kept pace with these 
requirements. Demand for hypersonic and missile 
re-entry data already was acute before shock tube 
anil multi-stage missile lest veliicle.s were avail- 
able to produce it. Demand for new types of 
development test facilities also lias outsliip|)ed 
the ability of indiislry and govenimenl to provide 
them ill time. Such new baidware items as ram- 
jet engines, rocket engines, exotic fuels and balli- 
tic mi.ssiles were ready for experimental testing 
liefore adequate test facilities were designed, 
built and properly iiisliuniented to bandle them. 

Basically, government philosophy has been to 
confine its researcli and development facility iii- 
\e>liiient to projects too costly for indu.stry lo build 
or operate as individual firms. Good examples of 
this are the huge NACA installations at I.angley, 


Ames and Lewis Laboratories; USAF Missile Test 
Center at Cape Canaveral, Fla., with its 5,000 mile 
instrumented range slrelcliing through the Carrili- 
beaii lo the South Atlantic, and the .Aniold Engi- 
neering Development Center at Tullahoma, Tenn. 
Government also made development test facilities 
available for 40 industry contractors tbioiigh 
Unitary Plan wind tunnels. 

GOVERNMENT FACILITIES 

BUT INDUSTRV lias fouiid tluil Using government 
development facilities, particularly for early ex- 
perimental work, exacts too heavy a time penalty 
in the stiff competitive race for liarilware con- 
tracts. As a result most successful firms have in- 
vested heavily in tlieir own development facilities. 
Virtually every major airframe contractor has his 
own supersonic wind tunnels. .411 major engine 
mamifucturers such as General Electric. Pratt & 
Whitney and Allison, have built large jet engine 
developiiieiil laboratories. Beil .Aircraft Corp. 
now is Imililiiig the Lawrence Bell Researcli Cen- 
ter, covei'iiig research in bypersoiiics, aerodynamic 
beating, nuclear development and helicopters. 

University facilities are playing an increas- 
ingly important role in both research uiiil develop- 
ment. Examples are the Lincoln Laboratory oper- 
ated by Massachusetts Institute of Technology for 
the SAGE |)rogram. Cornell Aeronautical Labora- 
tory and the Jet Propulsion Lalioratory at CalTech. 

Alllimigh the goveriinieiit now is spending 
over a billion dollars annually for research and 
development activity — about 60', of it with in- 
dustry — there is a strong trend to get iiulustry to 
shoulder a higher percentage of overall research 
and development reiiiiiremenls with its own monev. 
Because of competitive reasons iiulustry would 
prefer thi.s type of operation, but before it can be 
effective there must be basic revisions of govcni- 
meiit cost regulations in this field. 

In addition to fierce technical competition be- 
tween U. S. military services ami private industry 
for mililarv' and commercial business, total U. S. 
technical effort in aeronautics is facing stiff iiiter- 
nutional competition from the Soviet Union. 
Russia entered the alomic-airpower technical race 
at the end of World War II. During the last de- 
cade it has demunstrated a rale of progress that 
shocked the complacency of the Western world 
and poses a stiff cballeiige for the future. 

\ .soiiiul research and development program is 
necessary to realize the full potential offered by 
the air age. Its cost will be relatively small com- 
pared uilli the national security it will provide 
and billions of dollars in new products it will 
create. But it will lie one of soundest investineiils 
that can be made in the fiiliire of this country. 

— Roborl Holz 



Principal Government Research 
and Development Centers 


AF CAMBRIDGE RESEARCH CENTER I 
Hsnscom Field, Bedford, Mess. 1 


ROME AIR DEVELOPMENT CENTER 
Griffs AFB, Rome, N.Y. 


NAVAL TRAINING DEVICES CENTER] 
Sands Point, L.I., N.Y. j 


NAVAL AIR DEVELOPMENT CENTER 


LEVfIS FLIGHT PROPULSION LABORATORY (NACA) 
Cleveland, 0. 


NAVAL AIR MATERIAL CENTER 
Pfiladelphie, Pa. j 


AIR RESEARCH AND DEVELOPMENT COMMAND HQ. 


PILOTLESS AIRCRAFT RESEARCH STATION (NACAll 
Wallops Island, Ve. 


WRIGHT AIR DEvaOPMENT CENTER 
Wrigh l-Patterson, AFB, Dayton, 0. 


NAVAL AIR TEST CENTER 
Patuxent River, Md. 


I AMES AERONAUTICAL UBORATORY INACAl 
MoHet Field, Calif. 


LANGLEY AERONAUTICAL LABORATORY INACAll 


TRANSPORTATION RESEARCH AND ENGINEERING COMMAND 


ORDNANCE TEST STATION 


ARNOLD ENGINEERING DEVELOPMENT CENTER 
Tullalioma, Tenn. _ ' 


AF FLIGHT TEST CENTER 
Edwards AFB, Edwards, Calif. 
HIGH-SPEED FLIGHT STATION 
Edwards, Calif. 


AF OFFICE OF SCIENTIFIC RESEARCH 
NATIONAL ADVISORY COMMIHEE 
FOR AERONAUTICS HO. 

OFFICE OF NAVAL RESEARCH 
NAVY BUREAU OF AERONAUTICS 
NAVY BUREAU OF ORDNANCE 
NAVAL RESEARCH LABORATORY 


AF SPECIAL WEAPONS CENTER 
Kirtland AFB, Albuquerque, N.M. 


VAL AIR MISSILE TEST CENTER 
Mugu, Calif. 


REDSTONE ARSENAL 
Huntsville, Ala. 


I Corona, Calif. 


HOLLOMAN AIR DEVELOPMENT CENTER 
Holloman AFB, Alamogordo, N.M. 


ARMY AVIATION CENTER 
Ft. Rucker. Ala. 


AF ARMAMENT CENTER 
_Eg]m AFB^aloariso^ja. 


PERSONNEL AND TRAINING RESEARCH CENTER 
Lackland AFB, San Antonio, Tex. 


AF MISSILE TEST CENTER 
Patrick AFB, Cocoa, Fla. 





BOMARC, imvcilcd on Anncd Foires Day at Andrcivs AFB, Md., lias hvo ramjets, sustainer rocket, and n-ing-tip control surfaecs. 

Services Give Public Missile Close-Up 



CONICAl CAMBER research model in NACA tunnel at Ames Aeronouticol Loboratory, Moffett Field, Colif, 


NACA 

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
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Expansion of plant, production and 
engineering facilities is part of the 
Kelsey-Hayes program to better 
serve the automotive, aviation and 
agricultural industries. This year 
alone, Kelsey-Hayes has acquired 
two new subsidiaries — with a total of 
five plants— in the aviation field. 




This means an increase in both 
capacity and capabilities. 

Jet turbine components, for example, 
can now be produced in far greater 
quantities. But equally important, 
they can be produced by all the 
accepted methods of the industry- 
according to individual needs and 

specifications. 


KELSEY-HAYES 


— iUtica Dwp Forge and Tool DwiMon) ■ Agrteul 





Ames Probes Hypersonic Flight Region 


Moffett Field, Calif.— Acrodj'iiamic research to gather Knowledge on 
which designers of future hypersonic aircraft can draw is the prime mission of 
National Advisory Committee for Aeronautics’ Ames Aeronautical Laboratory. 

Basic toots are 19 wind tunnels, a number of aircraft modified to the 
laborators'’s special purposes, flight data-gathcring and assessment equipment, 
and tire computing and other facilities necessary to carrj’ aerodynamics from 
the theory stage through wind tunnel and flight test evaluation. 


Ill addition to its basic research mis- 
sion. Ames lielps on specific airplanes 
tlitougli its Unitary plan wind tumicl, 
in which contractors can do develop- 
mental testing of new aircraft. NACA 
furnishes facilities and tumicl operating 
personnel and contractors liandlc oilier 
aspects. 

High-Speed Facilities 

Currently, deepest probing is into 
liypcrsonics— fliglit at Macli 5 and al>o\e 
—since a great deal of informiitioii is 
needed for the ballistic missile program. 
Sulisunics and transunics still get atten- 
tion since higli performance aircraft 
must land and take off on reasonable 


lengths of concteto and pass through 
Miicli 1 witli as small a tlirust require- 
ment as possible to overcome drag. 

I'acilitics used primarily in very high- 
speed research include: 

• Liglit gas gun, capable of filing quar- 
tcr-incli models at speeds approacliing 
16.000 mph. 

• Tlie 10 by H-in. liyircrsonic tnmicl, 
ea|*iblc of Mach 6.1. 

• Supersonic free flight tunnel, callable 
of up to Maeh 5, witli a test section 
18 by IS-in, and 2S-ft. long. Models arc 
fired from guns to acliicsc c\cn higher 
Mach mimliers in certain tests. 

• llie 18-in. low densits’ tunnel, which 


can reproduce Macli 6 at densities 
equivalent to altitudes above 100,000 ft. 

• The lO-in. heat transfer tunnel, Stain- 
less steel nozzle enables this hmne! 
to sustain entrance temperatures of 
1.2001''. Model recovery air tempera- 
ture also stays high in stainless steel test 
section. Velocity is up to Mach 6. 

• A 6-in. beat transfer tunnel. 

Ames lias under construction a new 
light gas gun much larger than flic small 
dciclopmcntal model currently in use. 
New' facility' will enable 1-in. models to 
be fired longer distances at speeds 
up to 16,000 mph. 

In tlic future, Ames mav mount tlic 
small light gas gun in wind tunnels 
to get higher Maeh nnnihcrs and 
longer model travel distances. 
Lower-Speerl Facilities 
Subsonic and transonic research is 
conducted in tlicsc tunnels; 

• A 6 by 6-ft. transonic and supersonic 
facility, wliicli uses a slotted throat for 
transonic tests and a sliding block noz- 
zle for work somewliat above Mach 1. 
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• A 14 by H-ft. slotted throat transonic 
unit. 

• Unitary tlirce-tmiiicl group (A^^' Jiih 
15, '55, p- IS), with velocities raneing 
ftum hlach .7 to 5.5 according to wliicli 
tunnel is used. Tlic 6 by 6. H by 14 
;md Unitary tunnels all ate hooked into 
automatic data rcductiou installations 
so that, as tests arc being run, raw daha 
is pumped continuuuslv from tunnel 
control center through comerting erjuip- 
incnt, into a digitil computer, and re- 
turned to the control center as com- 
puted data presented in line-plots and 
non-diinensioiial coefficients. 

• The 40 by 80-fl. full-scale tunnel, 
capable of speeds up to 250 mph. 

• lire 12-ft, pressure hinncl, » hcre the 
variable density characteristic can pro- 
duce up to six atmospheres and 'icld 
high Reynolds numbers. 

• Two 1 by 3-ft. supersonic tunnels, 
one a blowdown type, the otlict stc-adv 
flow. The blowdown tunnel is the 
oldest supersonic facility- in the U. S.. 
dating from 1945. 

• A 2 by 2-ft. transonic tunnel used in 
Ijasic airplane research. 

• An 8 by 8-ft. tunnel used priinarilv 
as a wind tunnel design tool. 

• Two 7 by 10-ft. subsonic units dat- 
ing from 1940-41. 

• A 1 by 31-ft. tunnel, barely transonic, 

Ames seeks widest tunnel utiiiziition 
with nriiiiiiiiim expenditure. Illustrat- 
ing this arc current studies involving 
helium used in existing tunnels for cer- 
tain work, whether it is practical to 
modify the tunnels to recapture the 
.scarce gas for reuse without cxtcnsi'c 
and expensive rework, the intricacies 


involved in designing helium capability 
into future tunnels. 

The laboratotv- has rcqucstcil funds 
for a new "liot" tunnel with a 3i-ft. 
test section and Mach 10 velocity, 
capable of operating for seconds in- 
stead of tlic micro-seconds now pos- 
sible in the 10 by 1-hin. hypersonic 
tunnel. Design of the unit envisions 
a combination of heat resistant mate- 
rials and tunnel cooling latlicr than a 
single approach to solution of the heat- 
ing problem. 

In the tunnel itself, investigators 
w ould take on tcmi>craturc, Mach num- 
ber and scale effect one at a time rather 
than attempt to get all three aspects at 
iincc in a brute force attack. 

Current subsonic investigations cen- 
ter in helicopters and in short and ver- 
tical takeoff and landing, fixed-wing 
aircraft. Boundary layer control also is 
studied. 

A prinei|jal tool in this work is the 
full-scale tuimel, where helicopter rotor 
systems, various boundary layer control 
systems, and the various systems for ob- 
bining short or vertical takeoff and 
landing characteristics on fixed-wing 
aircraft can be thoroughly investigated. 
Human Aspects Considered 

I'Tiglit test is complemcutarv to wind 
tunned work at Ames. In flight, tlie 
human aspects of aerodvriamics also 
come in for close inspection. 

In a typical case, a design theory 
may be in the making, with certain 
characteristics of stability and control, 
ilie laboratory will work tbrougb the 
theoretical areas, progress to simulation 
on the analog, then trv out the results 


on the variable stability airplanes (AW 
.\ug. 1, '55, p. 25). 

Information is sought on the degree 
of instability or unpleasant handling 
ehar.ictcrisfics a pilot can live with; how 
!t)ng he can function with them, and 
what other effects on the pilot result 
from flying an aircraft which inav coni- 
[iromisc desirable characteristics sevcrelv 
in order to get exceptional performance 
capabilities. 

Ilum.in aspects arc very ncccssarv 
piirts of the ovct;il! picture, .-Tines Ik- 
iiev es. If the human clement can fmie- 
tion longer under worse conditions than 
prc-viously thought, gains inav be pos- 
sible in porfonnance, weight and re- 
duced systems complexity. 

In reverse, if the human element 
should be called on to function too long 
under conditions in which human capa- 
bilitics may be impaired without tlie 
pilofs realizing it, acute danger might 
not exist, but a critical mission might 
fail. 

Flight Testing Basic Ideas 

Another facet of Ames fliglit test 
w-otk is in-flight testing of new basic- 
ideas. In the case of a boundary layer 
control system, for example, the labo- 
ratory will conceive a theory, proceed 
through tlic logical steps prior to flight 
test, tlicn develop hardware suitable 
to reproduce the desired conditions 

No attempt is made to produce 
finished mechanisms with full attention 
to weight, complexity and scrviccabilitv-. 
Tliis part is left to contractors. 

Tests arc related to aerodviiamie per- 
formant-c of the idea being investigated. 
W'licn they are completed, reports are 
published for the industry to use as basic 
guides in dcv-elopmeiit of their own par- 
ticular designs in that field. 

'I'hc laboratory- also works in the aero- 
dynamics of fire control-autopilot 
systems. Investigations arc concerned 
with the relationship of acrodniamic 
stability and control characteristics as 
they affect the fire control portion of 
the entire airplane-weapon system loop. 
Research in this field gains added im- 
portance as speeds of aircraft, deliver- 
ing still faster ordnance against aerial 
and ground targets, increase. 

'Ibis is especially true as plane.s enter 
that pirt of the speed spectrum where 
sbibility- appears sufficient to flic pilot, 
while the true condition is critical 
enougli that any change in aircraft 
movement or configuration mav result 
in a divergence violent enough to de- 
stroy plane and pilot. 

In its investigations, .Tines doe.s no 
structures work, but does pick up in- 
formation on loiids which often proves 
helpful to other NACA laboratories. 

nor flight test work. Ames now has an 
I''6F-3 and h’-S6.T variable stability test 
beds, plus F-lOOs and F-S6s reworked 
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for special inv estigations. Ames gets air- 
craft from the services after they have 
reached operational status, and it hopes 
soon to add an F-I02A and I--I04B to 
its aircraft complement. 

Performing the mission at Ames arc 
the following divisions: 

• High Speed Resoaicli. 

• hull Scale and Flight Rcscarcli. 

• Theoretical and Applied Research. 

• Instrument Keseaich, 

• Technical Services. 

• Unitary Plan TT'iiid Tunnel. 

• Eugiiicetiiig Services. 

• Administrative. 

Faeh division has branches dealing 
with the v-arious phases of its particular 
speeialtv. Kach vv-iiid tunnel is assigned 
to a specific division according to the 
tiinncrs primary use. 

l-'olhming the pattern of N.TC.T 
l.iboratorics. .Tines is a' self-sustaining 
intitv. completely cqih|jped to support 
it.s mission- Tlicrc are facilities for ail 
aircraft repairs, mainteir.nice iind 
modification. Iiistniinentation can be 
rewiirkcd, redesigned and rebuilt, and 
w-ben time or peculiarity of implication 
clicfatcs. new- instrumentation c.in lie 
produced from conception through 
flight hardware. 

Ibrcctor of the 566 inilhon, 100- 
atre labor.itory is Smith J. Dcl’rancc. 
Associate dircctot is John Parsons. 
S12.8 Million Budget 
.Tines was allocated SI2..S million for 
salaries and expenses during h'iseal 
1957, indicating the scope of the re- 
search effort. This docs not include 
lunds for construction of new facilities, 
such as the lig!it-gas gun now being 
built. 

No official tet-ord lias been kc|Jt of 
exact wind tunnel running time, but 
mam of tlic Ames facilities can be 
operated simuitaiicouslv. One excep- 
tion is that the 182.000 hp. unitary 
limiicl and the 110,000 hp. 14-ft. tran- 
sonic tunnel c-.mnot oper.ite at the 



The laboratory draws its large re- 
quirement of electric power from the 
Biire-aii of Reclamation's Shasta Dam 
and Pacific Gas & Electric Co., so that 
at no time docs its operation sap civ ilkm 
power sources enough to rao.se trouble. 

I-Tight time at the stiition averages bc- 
tu-cen 700 and SOO hr. [ler year of 
rcsearcli operations. 

Current petsoiincl strength is 1.420, 
including 334 research scientists. 67 
c-iiginccni. 14 mathematicians, 6 pilots, 
23 aerodynamic test technicians. 72 
computation specialists, 30 draftsmen, 
126 nniehiiiists and toolmakers, 50 
electricians. 50 aircraft incchaiiics, 22 
aviation inct-jlsmiths, 96 instriimeiit 
makers, 104 wind tunnel mechanics, 16 
photographers. 144 clcric-al |ictsonncl, 
20 administrative specialists, plus some 
250 miscellaneous positions. ■ 





fLAME PRODUCED hy 1,000-lb. thnist, fluniiiic-uiiiiiioiiia rocket engine in test cell at NAC.\’s Lewis Flight Propulsion Laboiatoty. 


Lewis Pushes Work on Rocket Engines 


Bv Robert 

Clcs’claiid— Kxpansion of rocket c 
tioiis of higli-cnergv fuels, and sinootl 
bv 10 supersonic Unitarv propulsion 
efforts of tlic National Advisory Cotv 
Propulsion Laboratory. 

I'liis year propulsion emphasis at 
of non-air-l)reathing rocket engines tip 
the turbojets and ramjets. 

W'lieii tlie netv rocket test facility 
(pens in tlic Lewis "South dO" area 
this year it will provide a significant 
jump over the present rocket facilities, 
which do not compare in SIM and scope 
I’f detail to Lewis’ elaborate air-breath- 
ing eiigino facilities. 

About oiic-foortli of the sOO-600 pro- 
fcs.simials in tlic 2.700-imm Lc«h com- 
plement arc working oil rocket dcvelop- 

Tiic largest grou|) is working on prob- 
lems of air-brcatliing engines and will 
be for the forescc-.ible futiitlf, 
High-Energy Fuels 
The new 20,000 lb. thrust rocket 
facilities will l)C used to coiitimic the 
work Lcu'is is doing on Itigh specific 
impulse propellant combinations. High- 
energy propellants ate tlioso with speci- 
fic impulses of about 300 seconds. 

Meanwhile, Lewis is not neglecting 
its pioneering interests in high-energy 
fuel mixtures for air-breathing cngincs- 
Onc of the first uses for the new 10 by 
10 ft. propulsion wind tunnel last vear 
was a simulated flight cialuafion of 
exotic light metal, slurrv-t\pe fuels 
burning in a ramjet- 

Along witli the higli-cnergv chemical 
fuels, L^r’is also is studying the highest- 


Cushman 

ngine development, increased cvalna- 
1 productive operation of the new 10 
wind tunnel liigliligUt the research 
mittcc for Acronantics’ Lewis Flight 

Lewis will be on bringing the status 
to that of their air-breathing cousins, 

energy fuel known— nuclear fuel. In the 
Materials and Stresses building, equip- 
ped with its own csclotron, Lew is .scien- 
tists are studying the propulsion cycle 
and shielding problems which at 
present b.ir succcssfnl application of 
nuclear power to aircraft. 

Lewis' approaeli to these elusive prob- 
lems has been to try to gain a fniula- 
iiicntal insight into the solid state 
nrakc-up of materials. 

Knowledge that comes from tlicsc 
in\-estigations will be useful to all phases 
of propulsion. 

I'hat Lewis' nuclear propulsion ef- 
forts arc not larger is typical of the way 
N'ACA uses the funds allotted bs Con- 
gress. Since nuclear propulsion is now 
wiicre rocket propulsion was 10 years 
ago. N.ACA's iiwcstigations ate modest. 
As creatise know ledge increases and the 
adsent of practical nncle.ir propulsion 
draws nearer, NACA efforts in this 
direction arc expected to accelerate. 
.One indication of things to conic is 
NACA’s new Plum Brook Research 
Reactor Facility, now building neat 
Sandusky, Ohio! 

High-energy fuels extract a price. In 
rockets, the propellants are difficult to 
handle and tfic rocket exhaust products 
are poisonous- In the ease of exotic 


fuels for air-hrcathci3 the metallic slur- 
ries leave deposits on and corrode the 
blades of turbines and combustion 
cliambcts, and mav have to be limited 
to aftcrbuniers and ramjets. The penal- 
ties of radiation and poisonous waste 
iiroducts in nuclear propulsion systems 
,irc well known. 

'I'he rocket section of the Lewis 
laboratory has liccii making studies of 
types of vehicles tliat might use some 
of tlic high-energy propellants. They 
liai'C attempted to analyze weapons 
svstcni.s that might be evolved to lire 
vvitli the liandling and operational 
liazards. 

Use of hydtogen-flourinc, for exam- 
ple. would entiiit: 

• Toxic boil-off of products from tlic 
liquid fluorine being loaded into a mis- 
sile before launehing. 

• Poisonous cloud of liydrogen-fiuorine 
gas from the rocket exiiaust at lamicli. 

• Corrosive action of the clicniicals on 
the missile tanks, feed lines and pumps 
during all pliascs. 

Possible Solutions 

The first problem could be solved 
either bv refrigerating the oxidant tank 
in the missile to minimize boil-off and 
avoid the necessity for icnting, or the 
vented products could be piped to an- 
other tank w here thci would be recon- 
verted into liquid- 

just before firing, the cxtcrn.il inc.ins 
to check the boil-off would be removed 
and the tank closed off. as is now done 
with liquid oxvgcn, and the boil-off 
vapor contained by the structural de- 
sign of the tank. 

The second problem could be of 
larger magnitude. Because of the toxic 
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nature of the hydroscn-fluorinc exhaust 
gases, nieaiis would liavc to be pro- 
vided to protect [XTSOnncl in the 
liuinching area from the 10-100 ft. 
cloud coiiccnttatiou that would be 
poured out bv the missile before it 
picked up speed- 

Obviously, tliis could be solved by 
remote iauncliing sites. But it is more 
likely that indtogen-fluorine will be 
used only for second or third sustainer 
stages. Even in tlii.s limited use, the 
liigli-energy propellent would yield 
\ery significant gains in oi’crall pcrtorni- 
ancc. Not only would it increase the 
range of tlic latter stages but it would 
markedly decrcxise tlic weight that the 
first stage had to boost. 

Complications Are Doubled 

Some of the practical problems in 
using Ingb-cncrgy. fluorine-type oxi- 
dizers can be appreciated bv observing 
the 200-lb. tests sbmds uow' being op- 
erated at Lewis. 

I'Uiorine oxidizer suppli tank and 
feed lines must be submerged in an 
insulated trough containing a refrig- 
erating bath of liquid nitrogen. But it 
is on the larger ^.000 lb. test stand- 
also in operation at Lewis now— tliat a 
prologue of tire problems awaiting 
ICBM-sizcd rockets using tlicsc fuels 
can be seen. 

Oil ordinary tests stands, using lox 
and ammonia or jet fuel, all that is 
needed arc nitrogen pressurized tanks 
of the oxidizer and fuel with piping 
and lalving to carry these in properly- 
metered amounts to the rocket cham- 
ber. On high energy test stands the 
number of handling complications and 
safety precautions arc more than 
doubled. 

First, for safety in case of a major 


malfunction, the fuel must be kept out- 
side the test house, pin sically separated 
from the oxidizer by a coiicrcte wall or 
moat, 'llic oxidizer is completely sub- 
merged in a nitrogen refrigeration bath. 
Care must be taken that no boil-off 
products leak to contaminate the test 

As a warning device, Lewis wraps 
an electrical conductor around all tfic 
lines so that if a leak does occur tlie 
natural action of tlic oxidizer will bum 
the insulation and short the warning 

In operation tlic fluorine-type oxi- 
dizer is fed into the 3-ft. diameter pres- 
surizing bottle as a gas and the bottle 
is tlicn lowered into the nitrogen to 
liquifs the fluorine. Once the oxidizer 


is liquified, helium is piped in for 
|)rcssurization- 

Test runs seldom exceed 30 seconds 
Ijccau.sc of the cost of the higli-encrgy 
propellants. In the 5,000 lb. thrust 
stand, for example, the $5-20 per Ib- 
oxidizet is consumed at the rate of 15 
lbs. per see. lliis can send the cost of 
a 30 .see. test firing up to $5,000, not 
including the cost of the 5 Ih. per see. 
fuel flow. 

Unlike mam- rocket test stands 
which liai'c been pictured, the Lewis 
liigh-encrgi' stands can not simph' per- 
mit the exliaii.st to go out into the at- 

In addition to silencing the exhaust, 
poisonous fumes must be removed- For 
the first reason the exhaust system looks 
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more like ii liitljojct test stand, nitli a 
liorizontal ejector tunnel about 40 ft. 
long and some 5 ft. in diameter leading 
into a rcrtical .stack. 

Water is .sprased into the rocket ex- 
haust jet where it enters the ejector 
duct, but tlic ss-ater performs the sital 
function of absoriring the poi.sonnus 
gases, whicli go into solution in the 

More water is sprmed in as tlie ex- 
liaust goes up the \crtical cxiiaust stack 
at the end of the ejector. Here the 
gases arc thoroughly "saubbed” so that 
-ill of the hydrogen-fluorine gases arc 
dissolved in the water, after which they 
drop to the sump at the bottom of the 
tank. The hydrogen-fluorine collected 
here is neutralized with lime and 
pumped into scuers. 

New 20,000 lb. Thrust Stands 

Tire larger 20,000 lb. high-energy 
propellant facilities at tire "South 40” 
iocatiorr will permit an cren closer ap- 
proximation of the full-scale problems 
of handling these dangerous chcinieals. 
In addition the larger scale of the 
lockets to be used will ser\e as a fur- 
ther check on the scale effect, which 
is just as important in rockets as in 
turbojets- 

The doubled size of the 20,000 lb- 
thrust rockets will permit more sophis- 
ticated structural designs. Lewis will 
be able to experiment with chambers 
and nozzles made up of bundles of 
cooling tubes- 

It has been about a year since Lewis' 
part in the Unitary program— flic large 
10 bv 10 ft. supersonic tunnel— first 


went to ssork. In tlic first year, at tire 
rate of about one project a month, the 
liinncl^rodutcd invaluable flight siniu- 

It has gis’cn insights practically unob- 
t.iiiiablc otherwise on a varicts of proj- 
ects including the in-flight pcrfonnancc 
of one of the B-38 bomber proiiulsion 
pod.s, complete witli variable inlet and 
liurning J79 engine; performance boost 
to he expected from higli-cncrgy and 
exotic fuels burning in NACA ramjets; 
and stamina of a 2 ft. diameter nvion 
pilot parachute, opened into a Nlaeli 


iiificanl 


2.0 a 

It i: 

had to be a 
tlie .Mach 2.0 and 50,000 ft. lower 
liinifs for the 10 by 10. The fact tiuit 
the upper limits of the funnel, which 
was conceived in 1949-1950, arc Mach 
5.5 and 160,000 ft. altitude, indicates 
the caliber of progress that it has been 
intended to guide and foster. 

The lower limits were set by a desire 
to have the 10 by 10 take over where 
tlic 6 bs’ 8 tunnel left off. 


Problems Mainly Routine 

Carl h'. Schucllet. chief of the 10 by 
10, said that outside of routine btcali- 
ing-in problems like bearing mis-align- 
ment due to foundation settling, and 
the usual control problems, the only 
unexpected incident was a crack in the 
belhnouth w-all shell plating. 

'Ilu's occurred last winter on a day 
when the temperature was seven degrees 
below zero and the tunnel was running 
w4th a burning ramjet engine at its 
maximum Mach number of 3.5. 


.Although the free stream air in the 
tunnel was — 70F in accordance with 
the test altitude, tlie stagnation tem- 
perature along the inside of the wall 
was 300F, 

The stress gradient between this and 
the — 7F temperature outside proved 
to he too much and the one inch plat- 
ing gave way. The rift was soon welded 
up and 110 other problems of this sort 
base been cxpciienced- 
Lewis Unitary Tunnel 

Since the 10 liy 10, in contrast to 
the other Lesvis facilities, is a Unitary 
Plan tunnel, it is not so much a research 
tool directly for NACA's use as it is a 
f.icility operated by NAC.A for the con- 
\enience of the services. 

On the other hand, the older 6 by 
S ft. propulsion wind tunnel, which 
goes up to Mach 2.0, is a full-time 
NACA tunnel. It is currently being 
re-equipped with a continuous circuit 
for actodiTi.imic tests, and is having a 
ventilated throat test section added to 
make it useful in the transonic region. 

Lewis’ engine research group feels it 
has come to the end of one phase of 
icscarch and is beginning another. 
Much of the past emphasis on details 
of components is giving way to cnginc- 
as-a-wholc tests. 

Two altitude chambers and the alti- 
tude wind funnel ate being used for 
the complete tests. These facilities are 
old by comparison with the 10 by 10 
but tbev sene as valuable development 
tools in the intermediate area between 
component test stands, where com- 
pressors and turbines are run separately, 
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and the propulsion wind tunnels, where 
engines complete with nacelle fairings 
arc slung in airstreams. 

Combustion and Materials 

T\so dciclopmcnt efforts which still 
are done on the component level arc 
the es'cr present problems of finding 
out what the combustion process is, 
and learning to make high tompCEaturc 
engine parts. 

Work on both combustion pile- 
nomena and better heat resistant ma- 
terials is hampered by the same research 
limitation: both arc too small to see. 

The ideal combustion research tool 
would produce magnified slosv motion 
color pictures of the behavior of the 
atoms and molecules, showing how the 
electron patterns change i)i the chemi- 
cal process. 

Siinikitly, the ideal tool for materials 
research would permit the researcher 
to look inside the "solid State” of the 
materials and see, for example, what 
happened to tlic molecules at the grain 
boundaries under stress. 


As facilities exist only to fulfill cur- 
rent and future researcli needs tlicy go 
as well as come. TTie best example of 
this at Lewis is the icing research wind 
tunnel. 

In the past year NACA completed 
the bulk of its own icing research pro- 
gram. Because the tunnel is the largest 
and best of its kind, it may be kept in 
existence indefinitely for use in industry 

N.ACA feels that most of its basic 
icing researcli lias been accomplished— 
mainly through use of this tunnel and 
anaUtical laboratory work— and that 
sufficient iiifoimatioii exists to alladatc 
aircraft designers' aiitl operators' prob- 
lems. In other words. NACA believes 
tlicsc problems now arc matters of ap- 
plying principles which it and others 
nave outlined. 

Two recent icing programs dealt witli 
effects of icing on tliin figlitcr wings 
and on all-weather airships. For super- 
sonic figlitcrs with razor-thin 4% wings, 
researchers calculated that the ice 
build-up might occur in a very small 


part of a h-pical mission. Formation 
of ice on tlic leading edge might in- 
crease or decrease lift and drag at slow 
speeds, depending on the ice shape. 

h'or Naw radar blimps that must 
keep station in all-weather operations, 
it was found that icing was no problem 
for sniaB cloud droplets because the 
blimp’s size in relationship to the icing 
droplets prcicnted build-up- For large 
droplets of freezing rain, however, icing 
could be troublesome. 

The section that had been doing 
icing nork now lias started on neiv 
|)rojccts, most of tliem classified. 

One tliat is not is a study of jet 
exliaust stre.nn deflection by three-sided 

Preliminary tests have sliown that 
tlic Coanda effect can be used to bend 
fairly thick sheet flows. Tliis work is 
similar to tlic Britisli jet flap, but in- 
stead of bending tliin sheets of airflow 
over a flap, rcscarclicrs licrc add side- 
plates to bend the whole jet flow for 
direct lift, lateral control forces or even 
thrust reversal, ■ 




LANDING LOADS track, pro|x;llcd by 


Langley Attacks Hypersonic Heating 


Laiiglcv Field, Va.— Laitgk'^' ,\eronaiitical I,aboiatorv, oldest and largest 
National Advisor\- Committee for Aeronautics installation, is pressing the 
search for aerodynamic and structutal answers to problems of flight at speeds 
up to 20,000 inph. and altitudes of 100 miles. 

Since heat is the orcrwlielming problem in the regime of extremely 
high-speed, high-altitudc flight, it demands the bulk of the research effort. 


Ne« facilities going into serricc at 
Langler this year and planned for the 
near future will [xmiit a massive at- 
tack on the scientific and engineering 
mysteries of aerodynamic heating at 
hypersonic spccds- 

Langlcv had its beginning in 1919 
as NACA’s first station. It occupied 
5.8 acres in tidewater Virginia, off the 
Chesapeake Bay, and by the time of 
its dedication in mid-1920, it boasted a 
5 ft. wind tunnel and an engine labo- 

It is now a SlOO million plant, and 
the nesv Unitary plan wind timncl alone 
covers almost four acres. 

Since World War II, speeds of 
tactical aircraft have increased from 
400 to mote than 1,000 mph. Speed 
of research planes has gone from the 
subsonic region to 2,178 mph., and the 
newest research aircraft— the X-i 5— will 
explore heating, stability, control, and 
re-entry problems in the low hvpcr- 


simk regions. Missiles nearing test «ill 
teach r clocitics of 13.000 mph. and tre- 
mendous tcnipcr.iturc.<. 

New Hypersonic Facilities 

To meet this challenge of hypersonic 
flight, Lniglcy is asking for these ncu 
facilities in I'iscal 1958: 

• A high-si>eed leg for the Unitarv tun- 
nel. Number two on NAC.A's con- 
struction prioritv list for its fisc instal- 
lations. this high-speed log svould cost 
S750.000. Project includes construc- 
tion of two fixed nozzles to co\er the 
speed range from Mach 10 to Mach 12. 

• Hypersonic physics test area. Cost of 
51,987,900 uould include chemical jets 
ptosiding temperatures up to about 
11,0001' and hypersonic selocitv guns 
to conduct research relating to prob- 
lems of missile countermeasures and 
meteor impact problems. It will allow 
research on materials, stnicfurcs and 


aerodynamics at all points along the 
range to extremely high Icinpcraturcs 
and to Mach numbers of 20 or more. 
In addition to pror’iding rc.scarch in- 
formation. it will increase knowledge 
of ci|uipincnt and techniques for ex- 
ploring tlicsc areas. 

• Hypersonic blowdown tunnel. Cost 
is 5796,000. For research at speeds 
and tcinperahircs unattainable in wind 
funnels, this facility will use helium as 
a test medium and operate in a Mach 
range from 10 to 25, 

Modernization of existing research 
facilities in the coining fiscal sear is 
to include modification of the 26-in. 
transonic tunnel at a cost of 5340,400. 
An alternate 20-iii. sq. test section will 
be installed to extend the Mach range 
from about 1.4 to 4.0 to permit investi- 
gations of the rclatisely unexplored 
problems of flutter in higher Mach 
numbers. 

Langley al.so is a.sking for 53,067,200 
for modernization of its data reduction 
center, and 5858,000 for improving 
the air supply for the Internal Flow 
Laboratory. Increasing need for struc- 
tures research at high temperatures has 
made marginal the existing central com- 
pressor, which supplies air to sescral 
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UNITARY PLAN supersonic tumid at Langley has two test sections, langcs from .Mach 1.5 to 5. Tliis is 4 by 4 ft, section. 


facilities. Ini|)rovcd air siipplv will per- 
mit installation of additional com 
[iicssor capacitv at the blow Labora- 

Langlcy's complex of research fa- 
cilities, scattered in an F.ist Area and a 
M'est .'\rca separated by L.mgley .^ir 
I'orcc Base, includes 50 major wind 
tunnels, laboniforics, test areas and a 
dozen large siio|)s for instrument con- 
struction. model building, woodwork- 
ing, niacliiiiing and shectmetal work. 
Facilities Recently Added 

Some of the newer facilities arc: 

• Langley Unitary Plan Supersonic 
Wind 'Imiiiel. Fxtciisuc calibration 
on this 515-5 million Contimious flow 
tunnel was completed last scar, and 
the tunnel has bccni in ojicration since 
last .August. It has two sliding block, 
lariable test sections, each 4 ft. wide, 
4 ft. high and 7 ft. long. One covets a 
.Mach range from 1.5 to 2.7, the other 
from 2.5 to 3.0. 

Test pa■5Surt^ can be vnied from a 
]>artial \aamm to 10 atmosphcrcs. 
Maxiimini Reynolds inmibcr per foot 
of length is 14 million for tlic lower- 
speed section and 9 million for the 
liighcr-spced. 

Originally this tunnel was intended 
to fill the need for developmental tests 
on missiles. Since the lowet-spccd sec- 
tion also is appropriate to piloted air- 


craft, N.AC-A expects this tv pc of study 
to hecoinc a significant part of the tun- 
nel's worklo.id 

Air is sujiplicel bv a 100.000 lip. 
electric drive .iiid a four-stage com- 
|)rcssor section. Flo« citii be shifted 
fioiii one test scetioii to the other 
without shutting down. Six large shops 
are coinpartmctited to |jroteet pro- 
prictarv interests of the private coni- 
lianies vvliosc miideb are used in re- 
search studies. 

Primatv model support is a strut 
spanning the tunnel horizontally. Mod- 
els arc mounted with the wings vertical. 
:ind attached .it the aft end to a sting 
support housing 312 pressure tubes and 
1 20 electrical leads used for obtaining 
data. Other data-rccorcimg equipment 
includes force halanccs. strain gages, 
and a 40-clumiicl integrating manom- 
eter, .A schlieten system utilizing two 
highlv-acciirate parabolic mirrors, 49 
in. in diameter, provide for flow visualiz- 
ation. 

High on the priority list for study 
vvitli this tunnel is the decrease in di- 
rectional stability that occurs as speed 
increases— a major problem in supersonic 
fighter design. 

Conventional lifting surfices at high 
Speeds lose effectiveness to the point 
that positive directional stability be- 
comes unacceptably low, llic variable 
speed tunnel can determine not only 


at what point stability of a particular 
design begins to decrease, but the point 
at vvliith it becomes too critical to ac- 

♦ Siipctsoiiic blowdown tunnel- Due to 
(.pcr.itc tills ve-.ir, tliis will answer the 
need for a larger supersonic heating jet 
rlian Langley lias had. I'cst section 
will be 8} bv 6 ft. iind Mach r.mgc will 
be 2 to 3. .Air stored at 7,000 psi. will 
be preheated in a heat accumulator 
holding 600,000 lb. of stainless steel 
sheeting and fed bv an oil-fired furnace. 
Duration of the jet will be 15 sec 

I urntabic in the lest section will allow 
viirving tilt angle of attack, whicli in 
tiiiii will vary structural loads. Exhaust 
tlirusl of the heated air after it passes 
the test section will he 750.000 1b., 
the cquiv.ilciit of almo.st two billion 
jet liorscpovvcr. -Air will he exhausted 
over a swampy area whore there is uo 
habitation. 

• Full-scale ceramic heat exchanger. 
Based on experiments with a pilot 
imidcl. this will give tesoatchets in- 
formation at temperatures near the 
melting point of mcfials used in prev ious 
heat exchangers. 'I lie pilot model stores 
.lii above 4,0001'' and blasts a jet of air 
at that temperature over a tiny model at 
3,500 mph. Diameter of the jet is only 
thrcc-^artcrs of an inch. 

NAC.A feared tliat the steep temper- 
ature and pressure gradients developed 
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ation of tlic 16 ft. transonic tiinnc! nnd 
tlic ■( ft. supersonic pressure tunnel. 

I'aet tlwt a number of facilities for 
e.vpioring lic.iting and structural prob- 
lems have just come into being or ate 
still in the planning st.ige.s. docs not 
mftin that Langlcv is just beginning to 
investigate these problems. 

I'ot scrcral tears liinglci' has used 
.supersonic air jets and otTicr devices to 
simulate heating effects on aircraft at 
higher speeds. 

In addition to shock tubes and the 
ceramic heat c\chaiigcr mentioned 
above, tools and tcclinic|ues for explor- 
ing these problems include; 

• Radiant heating devices such as the 
electric earbon-rod radiator, which will 
heat to 47001' and produce the heating 
rates up to 1000 Btu. per sq.ft./.scc. that 
a missile, being accelerated rapidls' to 
Niach 5 at low altitude, would en- 
counter. .■\d\antagc is a simple type of 
beating. Disadrantage is that the heat- 
ing rate cannot be varied rapidly, as it 
would be in flight. 

• Healing-loading devices. \'ariable 
heating, desirable in this hpc of re- 
search, can be produced by quartz-tube 
he.it lamps, whidi can be arranged in 
banks to surround any size or shape of 
test material, and can be heated and 
cooled verv rapidlv. These lamps can 
be used, for example, in studying the 
difference in thermal expansion between 
an aircraft's skin and the skin stiffen- 
ers. 'Iliev have been used at Langlcv 
both for this and to study nnsvmmctri- 
cal wing heating. A small wing struc- 
ture heated to SOOT on its undersur- 
face and 200T' on top, as it would be 
in the pull-up of a missile, droops dow n- 
vvard as much as several inches at the 
vviiigfip. Cooling returns the wing to its 
normal shape. Quartz-tube heating also 
can be done while distributed loads arc 
being applied, to test the combined 
effect on a structure. 

• A frec-pistoii compressor, made up 
of two 6-in. Naw gun barrels, which 
can compress air to tenqjcratnres of 
several thousand degrees. 

• Pre-flight jet facility at Langley's Pi- 
lotless .Aircraft Research Station on 
Wallops Island, Va. "nhs facility in- 
cludes a 12-in. circular cthvkne jet 
producing temperatures of LOOtl- 
T500!'‘, and a lilowdown tunnel. The 
tunnel lias a 27 by 27 in. nozzle which 
can range from Mach 1.4 to 2.25, giv- 
ing true sea level density and temper- 
ature at all mimhers and having a 5-.S 
sec. running time at Mach 2.25; a 12 
bv 12 in. mizzle with a 60 sec. nm at 
Mach 1.4; and an fi-in. circular jet. 
Tliis |)rc-fliglit facility is used for studv - 
iiig stagnation temperatures, heating, 
simcturcs and ramjets. 

• Rocket jet, using exhaust of a liquid- 
propellant rocket, which can subject 
models to a 5,000 nipli. blast of air 
at 4.10flT. Nozzle diameter is 21 in.. 


SHADOW PATTERNS mark juncture of air passages to Unitary tmniel test sections. 


independentiv in high speed ait streams 
might upset test results. Ratlier than 
risk the waste of scarce funds on a ma- 
jor project, NAC.A built the scale model 
first. Tears about tlic effect of gradients 
in the stream failed to inatcriaTize. 

'I’lic jet nozzle in the pilot model is 
watcr<oolcd to keep it from melting or 
elnmgmg shape in a wav that might af- 
fect speed, smoothness, flow direction. 
• Landing Loads Track. Tins unique fa- 
cility. used to study loads on landing 
gear in high-speed landings, is pro- 
pclled by water. A 50-toii test carriage 
is catapulted liy a hydraulic jet at 
speeds up to 150 inpii.. along a 2.200 
ft. track. Water stored at 5,260 psi. ait 
.pressure is directed in a jet toward the 
rear of tlic carriage. A "bucket" on tlic 
rear of tlic carriage reverses the flow 
of tlic water, and tlic jet stream’s 
eliaiigc in mnnicntiim produces a thrust 
of 400,000 lbs. 

Carriage is accelerated to 150 inph. 
in 400 ft. and 31 sec. After catapull. 
tlic carriage coasts along tlic track for 
1,200 ft., where the simulated land- 
ing is made bv the test equipment. The 
carriage is stopped within the last 600 
ft. bv a grooved nose block which en- 
gages five cahlcb stretched across the 
track and ;ittachcd to 20 Navy Mark 1\' 
arresting gears, each capable of absorb- 
ing 4 niiilion foot-pounds of cnergv. 

Ivqiiipniciit being tested drops freely 
on the test rig until the desired verti- 
tiil vclocitv is readied. An instant be- 
fore tile equipment eoiitacts the con- 
crete runway between the rails of the 
track, an engine applies n prescribed 
vertical force to simulate lift of the air- 


Data on the landing gear as a sliock 
absorber, the plivsical nature of skid- 
ding processes during wheel spin, clastic 
bcliiivior of tires in vavved rolling, and 
other effects ate inCTsured by instru- 

Cost of a run is less tli.m five dollars, 
compared to about S6,0D0 if rocket 
power had been used. 

An outdoor wafer basin is built along- 
side the track to supplement the two 
indoor towing basins used by Langley's 
Ilydrodyniniucs Rcse-arcli Division. .\n 
arm on the carriage tows a model along 
the basin in liigli-spccd liydtodynamic 
studies. 

.-\lcmg with its other modernization, 
liiiiglcv soon will return to use the 
19-ft. pressure tunnel, which is being 
converted to use T'rcmi us a test me- 
dium. 

Power Consumption Rises 

Return of tliis tunnel to use and 
planned full-y ear operation of the Uni- 
tary tunnel will add to Langley's great 
|K)vvcr consumption. 'I'liey account fen 

5192.000 of the 5384,600 increase in 
power costs expected in l''iscal ’5S. 

Langley’s consumption from tlic \’ir- 
ginia Electric and Power Co. totaled 
112.956,400 kw. in Fiscal '57. and will 
run to 150,744,000 kw. next year. Cost 
of tliis vast amount of electrical power 
in T’iseal '57 was 51,520,400. It will 
run 51.905,000 in the upcoming yc,ir. 

In addition to the power it obtains 
from outside, Langley siqiplies supplc- 
nuntal "topping power" from its own 

10.000 kw. generating plant. 

Remainder of the increase in power 

need for next vear will result from utiliz- 
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and models may be up to one inch in 
diameter. Exliaust products are oxygen, 
nitrogen and water vapor, tlic major 
constituents of air. One use is in mate- 
rials testing. Titanium nose cones, raised 
to 3000T' to simulate a speed of Mach 
7 at altitude, bursts into flames and is 
destroyed because of titanium's in- 
creased affinity at liigii temperatures for 
nitrogen and oxygeii. 

Heating studies at Langley liiivc 
sliovvii that licat is an important factor 
in su.scqitibilitv to flutter. T'luttcr re- 
sistance of a control snrfaec is suffi- 
cient if tlic surface is uniformly liot or 
cold, but sharp leading and trailing 
edges concentrate heat, leaving the 
center of the surface cold. 

Resulting stresses cut torsional stiff- 
ness and set up self-excited flutter 
which can destroy the surf, ice rapidly. 
If the surface survives, flutter will 
damp out as heat spreads to equilib- 

Heating also is studied at Langley 
with gas-launched projectiles apd hili- 
scale aircraft, and at Wallops with 
rocket-launched models of aircraft and 
missiles. 

New Model Techniques 

Models arc used extensively at Lang- 
ley, botli in and out of wind tunnels, to 
investigate aerodynamic iiiul stability 
and control problems of vertical and 
short-takeoff and landing aircraft, spin 
characteristics of new military and re- 
search aircraft, and liydrodyiianiics of 
new designs, including ditching cliarac- 
tcristics of most new models, especially 
commercial transports. 

Two of the newest techniques for 
model use arc: 

• Helicopter-dropped, radio-controlled 
models to study incipient spin. High- 
speed spins in supersonic fighter and 
research aircraft liavc become so criti- 
cal that emphasis is on ways to prevent 
spin from !iap|)cning. Aside from in- 
vestigating best recovery tcclmiques. 


Langlcv's Spin-Tunnel Section is put- 
ting great effort on prevention meth- 
ods such as wing or tail parachutes, 
enunter-spin wing-tip rockets, etc. 

• Radio-controlled models flown to 
high altitudes to achieve conditions 
which are difficult to simulate. Radio 
models, powered by hydrogen perox- 
ide jets, will permit largcr-sciile models 
and studv uf tlic entire flight range in 
VTOLs and STOLs. Jet-augmented 
flap, aimed at increasing lift and cut- 
ting the niiiway length required for 
militarv and commercial jet aircraft, 
also will be investigated. 

Langley's • pioneering work on 
VTOL/STOL aircraft continues, with 
a high interest and participation from 
iiidustrv. 111 addition to the planned 
radio models, dynamic models arc flown 
out of doors, ill the fiill-seale wind tun- 
nel, and mounted on crane booms, botli 
from a rotating crane and on a truck, 
vvlictc roll, pitcli and yaw may be sim- 
ulated accurately. 

Research into piloting problems at 
Diiigky raiis;cs from simulators to full- 

Fmpliasis here also is on liigli-speed, 
high-altitude fliglit. Disappearante of 


piicrc, growing distance between top 
and bottom of the speed scale, and 
changing acrodvnamics at high Mach 
numbers produce many prohlcnis. 

NACA test pilots who liave tried a 
small, finger-tip control stick mounted 
on the ann-rcst prefer it to the larger, 
floor-niountcd stick. It allows marc time 
for attention to target and requires 
less for control of flic plane. 'Ibis also 
would reduce induced stick motion, 
vvliicli becomes increasingly dangerous 
at liigli speeds and altitudes, where 
pitch and yaw arc relatively undamped. 

Studies of acrodynnmic and piloting 
problems at advanced soccds and alb- 
tudes luvc led to con.sideration ofvari- 
ablc geometry wings and more nearly 
aiitoniiitic control systems. 

InsTabilitv problems are simulated on 
the ground by a cockpit mounted in a 
high-speed elevator in the center of a 
half<ylindrical, two-stoiy screen. Simu- 
lation is limited to tlic vertical plane 
but the programmer can simulate sta- 
bility cliiinietcristics of current aircraft, 
manned livpcrsonic rocket gliders, or 
ballistic vcliicles. 

$28 Million Budget Asked 

NACA Iras requested 528,671.000 
for Langley’s o|)cratiiif budget for the 
fiscal year heginning fiilv 1. M at many 
rcscarcli iiistiillations, biggest item is 
for personnel— S20, 1 18,000. 

Langley employs 3,331 and hopes to 
increase this to 3,650 in Fiscal '58. Of 
this total, 76 additional men would 
be needed to st-aff the new high-tem- 
penituic structures research laboratory. 
Another 129 would be needed to ac- 
celerate the rcscarcli effort. Approxi- 
matclv 1,000 of the employes arc 
aeronautical rcscarcli scientists and en- 
gineers. The rest arc niccliaiiics, tech- 
nicians and other supporting personnel. 
Director since 1926 has been Dr. II. 
I. E, Reid. 

High costs of facilities, liighcr sal- 
aries, and the loss of personnel to in- 
dustry bccau.se salaries still arc not high 
enough is affecting Langley, just as it is 
most rcscarcli efforts. ■ 
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Wallops Gathers Hypersonic Flight Data 


^Vallops Island. Va.— Actual flight 
ballistic missiles and manned Inpersoi 
the Pilotless Aircraft Research Station 
Tills remote outpost of N.itioiwl Ad- 
\ isori Comniittec for Acroniuitics' Lang- 
ley Acromuitical Laboratory nas estab- 
lished 12 rears ago in an attempt to 
beep U. S- aviation ahead in transonic 
and su|3crsonic flight- 
Five-Stage Rockets Fired 
Now it is in the forefront of hvper- 
soiiic research. Five-stage rocket ve- 
hicles, fired into the Atlantic Ocean 
in NACA-dcrelopicd ''n\cr-fhc-top" 
laiinchiiig tcclinicjiics, telemeter hick 
detailed aerodynamic and structural data 
at r clocitics up to and aborc Macii 12. 

Results of Wallops' imestigations 
hare been incorporated into almost cr- 
err- major military aircraft and missile 
since the station rvas crcitcd. The 
Lockheed X-17, major r chiclc for stiidv- 
ing reentry problems of lallistic mis- 



Atlantlc in aerodynamic tests. 


data to be applied to intercontinental 
lie aircraft is being gathered daily at 

silcs, rras based on der iccs and tecli- 
niqncs established lierc. 

\\^allops is the research station fin 
the Pilotless Aircraft Research Division 
at Langley. 70 miles array. For admin- 
istrative purposes it is a put of PARD, 
but it maintains a sciwratc budget so 
Congress rvill have a detailed account 
of rrhat is spent on rocket launchingi. 

It is primarily a launching site, rr-itii 
a modest handful of shops, rocket as- 
sembly. test and storage arras; control 
and iiistnmieiitatioii sites, an adminis- 
tration building, and a pre-flight jet 
facility (discussed in the Langley ar- 
ticle in this scctionl. 

Firings now run about 200 pet yrar, 
in contrast to the 400 fired in peak 
yeai^ before models, instrunicntation 
and launching r chicles became so costly 
and complex- F'or reasons of cost, sim- 
plicity and ar-ailabilitr'. Wallops uses 
standard solid rockets almost exclu- 
sively. The)’ range from small motors 
to lioncst Johns. 

Arerage of successful firings at Wal- 
lops runs about 80%, in spite of the 
fact that almost every I'ehicle launched 
is a prototype. 

Total firings since 1945 runs about 
5,000. More tlran 1.000 of these were 
simple shapes with no iiistmmentation. 
Drag was measured and calculated with 
the help of radiosonde, the modified 
World \\'ar II SCR-584 tracking radar 
that is 'W'allops' workhorse, and a 
Doppler r ebcimeter. 

Emphasis in current firings is on prob- 


lems common to intercontinental 
ballistic missiles and the designs for 
hypersonic bombers that may follow 
tlicm-matcriab, structures, designs and 
controls that will produce stable flight 
above Mach 5. 

Missiles arc the mote iimncdiatc 
problem. But N.AC.A sa\s that wSiigcd 
boost glide aircraft appear to be one 
of the most promising design possibili- 
ties for future inan-ratrsiiig \cniclcs. 

They would g.iiii part of their lift 
from centrifugal force and travel at 
Mach mtinljcts up to 18 and altitudes 
above 500.000 ft. NACA savs i>otcntial 
of this type of aircraft is practiealK' 
unlimited. 

Hypersonic Glider Design 

Design characteristics of hspcrsonic 
gliders, based on wliat lias been Iranicd 
at W'allops and elsewhere, miglit be: 

• High fineness ratio nose cone. Blunted 
missile nose cone is necessary for rapid, 
almost vertical reentry into dense loner 
atmosphere, but gliders will liavc to 
achieve more gradual reentry to keep 
from huming up pilot and plane. 

• Variable geometry lifting surfaces. 
Very thin, Ion' aspect ratio wings de- 
sirable for high-speed flight nill not 
produce the high lift ncccssarv for coast- 
ing flight at lower altitudes, or for land- 
ing. 

• Reaction type controls. Effects of 
com’cntional control surfaces at ex- 
tremes of speed and altitude would be 
intolerably low because of thinness of 
tile air .and very high inertia of the air- 
craft Pulse-jets’ at wingHps and tail 
seem most likclv. 

Joseph A. Shortal. chief of the parent 
Pilotless Aircraft Research Division at 


AVIATION WEEK, Juns 3, 1957 


Spiraling Cost of Research 





Linglev, said his diiision has been 
working with heating speeds nearing 
the transonic range for at least four 
vears. Mach 10 research already is al- 
most three years old at W'allops. 
Primary Research Areas 
Primary areas of research at Wallops 
now include: 

• Aerodynamic heating. Earliest work 
was done chiefly to confirm licat trans- 
fer theories originally worked out with 
boiler pipes. F'irst firing was in 1946. 
Original test ichicle, the magnesium- 
bodied RM-10, reached Mach 4 and 
100,000 ft. five years ago. Magnesium 
was good to this velocity before research- 
ers had to switch to Inconel. Models 
now are of two general shapes— high 
fineness ratio nose cones applicable to 
long-range aircraft such as the racket 
glider, and blunt noses wdiicli will have 
to withstand higher heating, but for a 
shorter time. Heating research is vital 
to all Wallops’ work, because ma- 
terials must be found which will not 
bum up before studies can be con- 
ducted on drag, interference, aero- 
clasticitv stability and control. 

• Automatic control. General research 
in this area has been going on since 
Wallops was established, but emphasis 


now is in stabiliTation and control of 
missiles, 

• Flutter. Once the sole source of data 
on flutter, free-flight launchings may 
again come into prominence as heating 
problems aggravate flutter. Temperature 
alone can cause cliaiiges in wing stiff- 
ness, resulting in violent flutter of con- 
trol .surfaces. 

• Dynamic stability. Percentage of 
effort in this area remains fairh' con- 
stant, with about a doa.en launchings a 
year. Models arc complex and data re- 
duction is complex. Since models arc 
entirely free and give true effects, corre- 
lation between test data and actual 
flight tests is high. Test models have 
included McDonnell F-101. Loekliocd 
h'-104, and Hughes Falcon missile. 
Pulse rockets, mounted at right angles 
to the line of flight, are used to dis- 
turb the model, Lift, drag and Stability 
data arc determined from the resulting 
oscillations. 

• Control effectiveness. Models can be 
flown with fixed control deflection and 
rate of spin measured by means of 
polarized radio signal, transmitted from 
a spinsonde unit in the nose. Effective- 
ness of both aerodynamic and jet vane 
controls have been studied. 

• Ramjets. Done intermittently in con- 



junction with NACA's Lewis Flight 
Propulsion Laboratory at Cleveland. 
Ohio. Work on inlet and combustion 
problems at Lewis and W'allops brought 
file ramjet engine for the Navaho missile 
from fat below design performance up 
to design performance. 

• Jet effects and inlets, lliis includes 
study of the flow from a jet engine and 
its effects on trim and lift of tail sur- 
faces; and research into pressure re- 
covery. drag loss, etc., of flow into 
engine inlets. Like almost all of IVal- 
lops’ work, it is supplemented by and 
coordinated with wind tunnel and 
actual flight data. 

W'allops’ requested budget for next 
yrar is 51,146,640. Staff will be 89- 
half a dozen more than the present 
complement. 

Another 52,560,000 has been asked 
for modernization of Wallops' outdated 
equipment, which now is limiting range 
of launchings. This would provide for 
an increased-range Doppler, telemetry 
equipment, and two new trucking radars. 

Work at Wallops is directed from 
Langlev bv Robert Krieger, and John 
C. Palmer heads the research section on 
the island proper. ■ 
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Edwards Pioneers High-Speed Research 


Edwaids, Calif.— Where oHiet agencies explore and exploil maximum 
capabilities of an aircraft. National Advisorv Committee for Aeronautics' 
High-Speed Flight Station attempts to gain ever)' data point possible within 
a vehicle's complete operational en'clopc. 


Directed toward accomplishing tliis 
mission are: 

• A stable of rcseatcli aiiciaft, both 
modified and upctatinnal ini1itar\ 
Ijlancs, ranging from a two-place ^Vorld 
War II North American J'-51 Mustang 
to the record setting Douglas D-558-I1 
Sk)Tockct and including the Bell X-IB 
and X-IF. rocket planes. Boeing B-29 
lamichiiig planes for the X aircraft; a 
Boeing B-47, a Lockheed l''-104.-\. a 
Convait Yl''-102 and flic Bell X-7. Other 
operational tines come and go as NACA 
is asked to help solve specific problems. 
NACA also gets aircraft on loan when 
it develops an investigation program 
wliich the particular plane is well 
eqnip|)cd to conduct. The station, under 
the direction of acrcnantical research 
scientist \Valtcr Williams, conducts 
some 200 to 2?0 research fliglus pet 

• A coinplciiient of 294 ijcoplc. broken 
down into 50 research engineers, 14 in- 
strument engineers. 5 operations engi- 
neers, 4 mathematicians, 4 test pilots. 
IS laboratoi)- and other tcclmicians. 66 
aircraft mechanics. 40 instrument mech- 
anics, 23 building and cqui|jment main- 
tenance personnel. 59 administratisc 


|>crsomicl, including technical librarians; 
technical report typists ,md secretarial 
staff. 

• Fquipment enabling tlic station to 

deal in tlic "fliglit |3ackiigc.” 'Iliis in- 
eludes supporting and mounting tlic 
flight, taking data, reducing and 
aiiahziiig it, and cortelating it nitli wind 
tunnel, calculated ;ind extrapolated in- 
fonnatimi to coni|jlctc the detailed pic- 
ture of tlie area being investigated. 

• \ main buildings complex wortli S4.- 
006.523. warehouses wortli 562.190. and 
equipment (not including airplanes! 
uhich brings the total station \alue to 
512,429,629. Tlic station, situated on 
several aacs at tlie edge of Rogers Drv 
Lake and adjacent to tlic main lidwards 
Al'B flight line, is a tenant of Ait horce 
I hgiit Test Center. 

In performing its mission, N.\CA has 
developed a stcp-bi-stcp flight test pro- 
gramming philo.sopliv. in contrast to a 
contractor’s goals of s|)ecificd demon- 
strations, and the milit-.irv's tests for 
ultimate performance. Tests at the sta- 
tion arc profiled to enter unknown 
regions far enougli to gather new facts, 
but to stay close enough to known areas 


that hnzjirds to pilot and plane are 
minimized. 

Hie station takes infonnatioii already 
gathered in Right tests, adds wind 
tunnel, calculated and extrapolated data 
phis results of simulation performed 
on an analog computer, and plans a 
flight-using this coiiibinatioii as indie- 
atiic of wlmt may happen, but not as 

M'licn tlic station embarks on a pro- 
gram, it gets ivliatcs'cr support it rc- 
cpicsts from sviiid tunnels and other 
N.\C.\ facilities. Comersch', test re- 
sults arc quick])' di.ssciiiinatcd to NACA 
gron|3S investigating the saiiic areas, 

Tn addition to the standard, unclassi- 
fied |)ubhcations wiiicli record these 
investigations, infoniiation in iiesv and 
classified areas is distributed to con- 
tractors wlierc it is applicable, tn assist 
ill avoiding design pitfalls in upcoming 
airplanes and to contribute to |ierform- 
;incc strcteliniit or needed fixes on cur- 
rent ainikmcs, 

X-15 Advanced Data 

Illustrative of this. NACA is citeu- 
lathig advance information on the X-15 
design tlirougliout iiidustrv'. Although 
citculafion i.s on a liiglilv classified basis, 
it is expected tn bring the widest [los- 
sible experience and iirrav of talent to 
bear on problems encountered in this 
research vehicle. NACA’s position on 
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the X-15 is that of a design information 
coordinator, an assisting agenev in back- 
ground and research vviirk and. ulti- 

Whilc N.-kC.\ deals much of the time 
with research aircraft, it inav be loaned 
an operational tv'i>c liv the seniccs 
where the need arises. 'I'his niiiv be on 
tlie basis of a proposed NAC.-\ iuvesti- 
g.itiou far afield of contractor and US.M'' 
work ill tlie airplane’s development, or 
to aid fi.xes on current problems. 

I'lxaiiiples of tlic station's work on t« o 
ii|)cration;i! models ate the Convait h'- 
102A. where XI'-92.\ rescarcli tliini- 
luitcd mail) possible problem arcus in 
llie new MuK'isoiiic della ccnifigoration; 
.ind tlie Nortli .kincrieun I’-lOO, where 
\.\CA's hidependciit investigations in 
stabilitv aiigmeiitatioii helped overcome 
inertial coupling characteristics In 
changing gain and authority of the pitch 
axis damper. 

Carrying out tlie rcseatcli |>rograms 
at the High-Speed Might Station ate 
branches on Stiibihtv ami Control, 
D)iiainic .\n;ilvsis. .\ero Struetiires and 
Perforniance. pins Sections on Data Re- 
duction, Vihoition and Mutter. 

Own Instrumentation Used 

NAC.^ instrumentation is keyed to 
e.ich jxirticul.ir requirement. Wlieicvcr 
possible, standard off-thc-slicif eoin- 
ponents arc used, but |5riinarilv the sta- 
tion lias developed its own hardware to 
match its philosophv-. 

Insfruinentation is used to describe 
and record aircraft movements about all 
axes, angular and linear velocities and 
accelerations, control |>ositions and 
forces, acrodvnamie ptessmes and dis- 
tributions. 

When the station gets an aircraft 
for its mvestigatkiiis. instninientatiim 
down-time is minimizevl by installation 
of N.•\C.^'s own packages. In militarv- 
planes, rcnuiv-.il of gun installations fre- 
qucntlv provide.s the needed shelf s|xice 
and access to |)iivvcr su|jply. Partici|5:i- 
ling in earlv design of rcseatcli vehicles 
gives NACA a better break in incor- 
l>otafing provisions for tlieir sjx.'cializ.ed 
instnmientation. Biggest lieadadic is de- 
vising new packages for the vet) high 
den.sitv rc.scareli vihicles and militarv 
I'itcr.ift of todav'. 


I'light data is giithered by light trace 
on standard I20uim. and 6-iii. film 
strip, purchased in bulk and inagaz.inc 
loaded. Kacli size provides a iiimiber 
of information ehamiels and a standard 
timing eliaimel triggered bv a central 
clock in the airplane, wliicli gives the 
same liglit trace on all iiistruineiit 
leeotds for the purjsosc of matching 
strijis latcr- 

W bile film is tlie primary airborne 
iccorel. N.\C.\ does not helicvc tape re- 
cording is tlie answer to its requirements 
as yet. Oscillograpli paper trace also is 
used, mainly for strain gage reeotding- 

Telcinetiy us used, but on the Ixisis 
of giving the pilot of a CTaiiiped rcseatcli 
vcliicle the services of a fliglit cnghiecc. 
I'ape recordings ate made during eaeli 
flight. I he telemeter pant! is immitored 


elosciv eluting tcscarth fliglits so that 
warnings can \k radioed iinmcdi;itcl) if 
readings indicate danger in an ;ircu in- 
visible to |)ihit and chase pilots. 

When a rtscatcli flight has been 
eomplctcd. film records arc datlo|)cd 
quickiv l)v the plioto section and sent 
to data reduction and anal)'sis offices. 
Witli the film s)',stein used by N.-\CA, 
engineers immediate]) liavc available a 
look hv naked c)c nr a more detailed 
insixetion on a tcicrcadcr. 

Currently, films arc tun tlinmgh the 
I'clereadcr and data iroints are read nR 
.md plotted bv hand. As data points ate 
tvpetl onto log sheets, cards for an 
IBM eompiitcr are |)imthed simul- 
lanconsh . Soon to he installed is a 
maeliinc wliicli will plot data points, 
tvix the log sheets and punch card.? 
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CALIBRATION h.'ingnr, left, and storage and maintenance liangat Rank oRiees. 


simultimcouslv, llic station also lias 
equipment for ttansfccring tlie oscillo- 
graph records onto IBM punch cards. 

Ill support of its flight test work the 
station has the use, nliete |iractical, of 
USAI'"s .Mr Force F'light Test Center 
facilities. .M'FTC su|)plics the station’s 
fuel and usually presides cluise pilots 
and airplanes. Vklicrc absolutelv neces- 
sary, the station backstops with its own 

The station schedules with AFFl'C 
on use of facilific-s which arc part of the 
AFi'T'C complex, such as the high speed 
flight path from Eduards o\cr -100 mi. 
into Ntaad.i. Instrumentation for this 
pith nott is being completed. 

■|'hc station has its own SCR-5S4 
radar, as inodificci by Langles for u.sc 
at the Pilotless Aircraft Station on 
\\’al)ops Island, for speed calibration 
runs. For a time. AFI'TC used this 
N.AC.A facility, since it «-as the onl\- 
one at Eduards. 

Expenditures budgeted for the station 
arc at the rate of some S2.s iihllion per 
year for salaries, acquisition of new 
equipment and repair and replacement 
of worn equipment, utilities, localh 
purchased supplies, and trascl. 

Facilities at the Iligh-Spad Flight 
Station include; 

• Hangar, used primarily for calibration 
and modification of aircraft. It also con- 
tains an "erector set" for applying loads 
a« desired to all sections of the airplanc- 
.Also housed here is the "Iron Cross," 
test rig for determining pilot reactions 
to s’arious presentations of unusual 
flight attitudes and conditions sncii as 
icrtical takeoff. 

Ilio cross also uses comiHCSscd air jets 
on three arms (pilot cockpit is on the 
fourth) for flight controls, instead of 
comcntional surfaces. This is useful 
in preliminary investigations of research 
vehicles such as the X-15, uhicli prob- 
ably will have this ripe of control for 
\cry liigh altitudes wlicrc comcntional 
surfaces arc all but useless. 

• Iiistrrmicnt shops ca|»blc of complete 
repair, oscrhaiil, calibration and test, 
and a macliinc shop where iicu’ instru- 
ments can be built from .scratcli for a 
particular need. The station gets instru- 
mentation support from Langlos' Labor- 
atory in the design of nesv fliglit jrack- 
ages or specialized installations. 

• Second hangar for airplane mainte- 
nance and storage of aircraft invoh ed in 
the various research projects. All rocket 
engine svotk is done lictc, as arc minor 
repairs on turbojet and piston engines. 

Major engine work is handled b'’ tire 
Powcrplant Branch of AFI'TC. 

• Photograpliy laboratory for liandling 
the instrumentation film records on a 
liigh-output basis, as well as standard 
photographic work. 

• Main building, liousing engineering 

offices, data center and administration ^ 
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USAF-MCDONNELL F-101B Voodoo armed with three Hughes air-to-air Falcon guided missiles. 
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Wherever you find the Air Force — 

You'll find Herman Nelson Portable Heaters, too 



This model RT-400 Portable Healer is one 
of the complete line oj Herman Nelson Port- 
able Healing Produels. Output: 40,000 to 
450,000 BTU's per hour. Weight: 280 lbs. 


NeJson is synonymous with portable heat! 
Here’s why . . , 

y" Herman Nelson engineering and research unques- 
tionably spearhead the portable heat industry, 

Herman Nelson heaters operating down to —65' F. 
and up to 100 F. still maintain trouble-free starting 
and operatiori. 

F'' Herman Nelson’s 15 years of experience in the p>ort- 
able heat field can be put to work on your problem in 
YOUR PLANT or in the Herman Nelson labs. 



i 


^erman nelson 
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ARDC Insuring Airpower Supremacy 


Baltimore— Air Research and Development Command, with a comple- 
ment of less than 40,000 men, manages the nation’s largest integrated re- 
search and development program for the U. S- Air Force. 

In addition to coordinating the efforts of some 3,000 industrial firms, 
research institutes and universities, ARDC conducts a limited amount of re- 


search and technical development it; 
to Southern California. 

As its challenge, ARDC has the mis- 
sion of insuring the supremacy of 
USAF’s airpower— no small task at a 
time when the Soviet Union has dem- 
onstrated a startling ability to marshal 
technological manpower and know-how 
and apply tirem to aerial and nuclear 
weapons. 

At its disposal ARDC has what Lt. 
Gen. Thomas S- Power, its commander, 
calls "a management tool unique in the 
history of military warfare"— a team 
composed of government's funding and 
direction, industry's development, engi- 
neering and production ability, and 
the knowledge of science— all of them 
indispenftible in an age where techno- 
logical advance is measured as a geo- 
metric progression, 

ARDC was created in 1951 when Air 
Force recognized that it must have a 
separate research and development com- 
mand if it was to keep pace with the 
growing complexity of weapon systems. 
$2.5 Billion in Facilities 

ARDC now has a $2.5 billion com- 
plex of rcseirch. development and test- 
ing facilities where Air Force labora- 
tories and contractor mav prove out the 
ideas tirat will insure technical superi- 
oriri' for airborne and supporting 

hfore than $600 million in research 
and development funds are all(x;ated di- 
rectly to ARDC. Additional funds 
allocated for procurement, production, 
construction, etc., in support of ARDC's 
effort run to more than $2 billion- 

in line with Gen. Power’s pliilosophy 
that ARDC must be only- "a manager 
and monitor of the .Air Force research 
and development program,’’ more than 
80% of USAF’s work in this field is 


icif at 11 centers from Alassachusett.s 

done outside the command, on contract. 

Operational requirements with which 
ARDC deals arc detennined at the 
headquarters level of USAF. ARDC 
then forms devclo|)ment directives to 
supimrt tlicse requirements, and passes 
them down to its command centers- 

From tile centers the work is con- 
tracted to university laboratories and 
commercial firms with a proved capa- 
bility in the particular field, and eventu- 
ally new systems are developed and re- 
turned to ARDC for testing. 
Three-Part Tosh 

ARDC sce-s its t.ask as broken into 
three primary aims: 

• Improve the quality of future US.AF 
weapons, by undertaking research pro- 
grams that are daring and imaginative 
enough to be aimed at major techno- 
logical breaktliroughs. 

• Increase reliability of weapons readv 
to go into USAF's combvit inventory. 
This is tlie job of translating new 
equipment into standard production- 
type products of a sufficiently higli de- 
gree of performance relLibilitv to be 
trusted in routine operations-after tlieir 
feasibility has been proved in the re- 
search and development cvcle, 

• Reduce the development cycle for 
new USAF weapon svstems. 

The flexibility that ARDC has main- 
tained since its organization at Wright 
Patterson AFB, Ohio, six vears ago is 
demonstrated eonstantlv. 

Less tlian two years ago, ARDC 
added a thini Deputy Commander, in 
charge of W'e.ipon Systems. Tliis was 
a direct result of tlic surprising techno- 
logical capiibility sliown bv the Soviet 
Union in its May, 1955, airpower dem- 
onstrations, and was an attempt to look 


for the "big jumps" in technolo^ tliat 
Gen. Power says is one of ARDC’s 
primary aims. 

Witliin the past two years, tlie com- 
mand has revolutionized its use of plan- 
ning and management skills in an at- 
tempt to make better use of industry's 
capiibilities and ib own. and to com- 
bat the hampering effects of arbitrarily 
static budget levels. 

I'o acliievc tlie three main goals of 
improved quality, increised reliability 
and shorter development time, ARF>C 
has developed basic new |jolicies in re- 
cent months, nicv include: 

• Closer partnership with industry and 
science- Policy changes here have been 
aimed at bringing properly qualified 
industrial and scientific orpniz:itions 
into Air Force tcclmic:il pliiniiing at 
the earliest possible phase, and at keep- 
ing a steady flow of pertinent informa- 
tion on tcehnieal problems and progress 
going to universities, private research 
groups and industrial organization.s. 

• Heavier em|)hasi.s on exploratory re- 
search, Before ARDC was created and 
duriitg its early history, an ovciwliclm- 
ing portion of its effort was devoted to 
development problems flrat coirtiniuilly 
arose on current hardware. 

• Long range planning. Proper direc- 
tion of an incrciisingly difficult research 
and development program obviously re- 
quires planning aimed 10 to 20 ye-ars 

Heodquarters Organization 

ARDC headquarters is organized un- 
der tliree functional deputy comnr.m- 

• Researoti and Development under 
Brig. Gen. Marvin C. Dernier. 

• Weapon Sy.stems under Maj. Gen. 
Albert Bovd. In addition to Assistants 
for Aircraft Svstems, Guided Missile 
Systems and Electronic Supporting Sys- 
tems, Gai- Boyd has Directorates for 
Nuclear Systems, Systems Management 
and Systems Pl.in.s. 

• Resources under Brig, Gen, Kurt M. 

Landon. ■ 


LOCKHEED X-17 nseatiy research vehicle for Iralllstie missiles is tolled from han|at at Van Nuys, Calif. 







WADC Aids All Air Weapon Systems 


Wriglit-Patterson AFB, Oliio— Air Development Center, first 
home and largest base of the Air Research and Deselopment Command today 
is a principal supplier of technological knosv-how for; 

• USAF's Weapon System Project Of- 
fices, the gatc«'a'' to .\ii I'orce manage- 


ment of a project. Tlierc is an omcc 
for every system, under ARDC's cxecii- 
ti'e responsibilitv during tire dc\cIop- 
ment stage and under .Air Materiel 
Command as soon as technical and 
operational excellence seem to be 
within reach. 

• Air Materiel Command, which de- 
pends on W'ADC for technical infor- 
mation needed for |3tociitcnient of 
weapon systems. 

• Using commands, which need tech- 
nical data to maintain and modifv 
weapon systems already in o|)ctation. 

\VADC sponsors and monitors ap- 
plied researcli and cxplorators- dcsclop- 
incnt across the hoard in aeronautical 
sciences, then monitors csaluation and 
production. 

W' .ADC's dozen laboratoric.s arc ‘plit 
between the Directomte of Rcscarcli 
and the Directorate of Development. 

Two Responsibility Areas 

111 tlicsc dircctor.ito and laboratories, 
.staff responsibilities divide into two 

• Technical development, focusing pri- 
marily on techniques in acromiutics. 
guidance, etc., to explore and adsaucc 
the state of the art and to produce 
material for file System Requirements 
studies carried out liv industrs under 
ARDC sponsorship. 

• Ojierafioiial devclo])mcnt, dealing 
with specific hardware and keeping the 
weapon system concept in mind, cin- 
plnying existing knowledge to help 
finalize specific siib-svstcins. 

Tut production contractors, the op- 
erational area is the important one. 
where the AA’eapons Svsfem Project 
Office or Klectronic Supporting Svs- 
tenis Project Office will go to get co- 
operation from W'ADC'.s laboratories. 
I'echnical responsibilitv for each sub- 
system lies with Laboratory Oper.itional 
Development staffs, who speed and 
improve scheduling of contracts, detect 


and correct defects when they appear, 
and dovetail subsystems into weapon 

W.ADC, tlie command’s largest in- 
stallation. has 200 buildings spread 
over -t.5 million sq. ft. and cnip’ovs 
some S.OOO military and civilians. 

Laboratories in the ncvclopiiiciit 
Directorate are .Aircraft. .Aerial Recon- 
naissance. Cominuiiicafion and Navi- 
gation, Kqiiipniciit, Flight Contiol, 
Fnipcilcr.s, Pnwcrplants. and AA'c.ipons 
Guidance. 

Research Directorate Laboratories 
arc .Aero Medical. .Aeronautical Re- 
search. Klectronic Conipiinents and 
Materials. 

Four otlicr directorates coscr I'iight 
and .All-Weather Test. Procurement. 
Knginccring Standards, and Suiipirt. 

Development directorates and tlieir 
tasks arc: 

• Aircraft Laboratory handles basic Jirob- 
Icnis of airframe structures and acro- 
dvnamic sli.ipcs in its six wind tunnels, 
ranging from 0 in, to 20 ft. in di.mie- 
tcr. and .a structures test building. 

It also deals with equipment tlial 
might affect aetodvnamit capabilitv. 
such as c-xternal pontoons for helicop- 
ters; determines spin charactcri.stics and 
stability of panicliutcs and bombs in the 
spin timncl; and considers escape prob- 
lems in supersonic aircraft. 

• Povverplant Laboratory studies turbo 
piop. turlmjcf. ramjet, pulsejet. liquid 
and solid propellant rocket engines, 
reciprocating engines and nuclear |jto- 
pulsion. Turbojet test stands can hike 
power units up to 40,000 lb. sea lacl 
thrust. 

• Projicller Laboratory whirl stands for 
ijoth subsonic and supersonic |)ro|)cllcrs 
arc powered by motors ii|3 to vO.OOO 
lip. and capable of speeds up to 12.000 
rpm. Helicopter rotor whirl stands can 
handle rotors up to 95 ft. in diameter 
at 140 to OOO rpm. 

• -Aetonaiifical Research Laboratory cuts 
acm.ss traditional lines of science to 


seek solutions to problems in a number 
of areas, including beating, structures, 
flutter, bombing compoters, fire con- 
trol and ec|uations of motion. 

• Materials Laboratory’s task is develoi>- 
ment of new materials and creation of 
substitutes for critical items. It also 
establishes qualitv shindards for all 
US-AF' materials. ' 

• Electronic Components Labocatoiy 
docs research and deveiopinent on air- 
borne electronic equipment, ranging 
from transistors to radomes. 

• Crsmniiinications and Navigation 
Laboratory hamllcs new and improved 
comnumicafions, identification and 
navigation equipment and systems for 
both aircraft and missiles. 

• Flight Control Laboratory develops 
improved flight instruments and manual 
and automatic flight controls. Goals 
arc to make both manual and automatic 
flviiig easier and more accurate, and to 
facilUatc shiftover from one to the 

• Aerial Reconnaissance Laboratory 
deals with photographic, radar and in- 
frared reconnaissance, including high- 
altitude cameras, cameras for use at low 
altitudes but in very high speed aircraft, 
steteoscO|3ic photograpnv. r.idar record- 
ing cameras, spark flasli photography, 
night pbotograpliy and photo installa- 
tions in rockets and missiles. 

• AA’eapons Guidance Laboratory covers 
problems of fire control, self-eonbiined 
navigation systems, bombing and gun- 
nery devices and weapons guidance. It 
is one of W.ADC's largest. 

• Aero Medical Laboratory ’s task is to 
improve aircraft equipment so that man, 
who is obsolete in the world of high 
.speed flight, can survive. It determines 
toleranec to modern flight forces, antic- 
ipates his hitiitc demands, and extends 
his capabilities. .Altitude test chamber 
has taken a man to simulated altitudes 
over 190.000 ft. 

• EqiU])nicnt Laboratory handles a 
great variety of items from tiny filters 
to huge hangars. lOcpot equipment, 
electrical accessories, aircraft and missile 
servicing, auxiliarv power vehicles, air 
conditioning, flight simulators, etc,, fall 
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Patrick Tests Air Force, Army Missiles 


Patrick AFB, Fla.— Long-range ballistic missile programs plus the increas- 
ing number of missiles that have outgrown the limitations of other service 
ranges, have sparked the rapid growth of the Air Force Missile Test Center. 


I lie largest missile range in existence 
now extends more than 5,000 miles 
across the South Atlantic from the 
kuncliing sites at Cape Canaveral to 
Ascension Island. Station 12, the soutli- 
emmost in a chain of islands serving as 
down-range tracking stations. 

AVith expansion of facilities, firing 
schedules luivc been increased and 
tightened to maintain P.rtrick's high 
utilization rate. Complaints of range 
saturation arc not novel. 

Present missile programs include 
those of Convair's Atlas, Douglas’ Thor, 
Martin Matador, Chrysler Jupiter A, 
Northrop Snark, North American 
Navaho, Boeing Boniarc and Lockheed 
X-17. Present work load is about 250 
tests per month, of which onlv a very 
small percentage are live rounds. 

Operating costs remain at about S4 
million a month. USAF and contractor 
personnel working vvitli missiles or mis- 
sile sub-svstems ate still on the incroasc. 
Total runs close to 10,000. 

Scope of Range 

Between tlic Cape and tiic island 
of St. Lucia, a dist.incc of 1,500 miles, 
the range was built foracrnclvnainicinrs- 
siles. Equipinciif was dcvtlopod to 
watcli missiles in level fliglit within 
five atmosphere at altitudes nut ex- 
ceeding about 20 mi. and slant range 
under 100 mi. 

Tlic Great Circle route between Cape 
Canaveral and Ascension. lK;wcvcr, is 
off the island chain by a considcr.iblc 
distance. In sonic cases, one missile 
will never be closer than 100 miles from 
a tracking station. 

The last few hundred miles before 
Ascension is used for measuring re-entry 
of ICBMs when the missiles plunge 
downward througli the afmosplicic to 
the impact point. During tliis critical 
portion of the flight pteci:.ioii tracking 
r.idars and command destruction must 
be available. 

To meet expanding requirements of 
the IRBM and ICBM; 

• Monopulsc radars tliat can .spot mis- 
siles at distances of several lumdred 
miles have been developed. 

• Advanced optical sv stcnns biiscd on 
astronomical telescopes slaved to r.idars 
ivill yield visual data on missile attitude, 
slagc separation and re-entry tumbling 
at distances in excess of 100 mi. 

Convair's Azusa C-A\' S’Stenr and 
the COTAR (Correlation Tracking and 
Ranging) system arc being developed 
for ballistic missile tests. P'ormer is un- 
der consideration as an input to impact 


point predictor; latter will be of pri- 
mary use at remote sights for tracking 
the re-entry pliasc. 

[nqjjct points of long-range missiles 
can 1)C located by ii.stciiing tccliniqiics, 
conipar.ible to underwater sound svs- 
tems used in anti-submarine warfare. 

Range errors as higli as 10 miles over 
the complete trajectory of an ICBNf 
could result from variations in the lo- 
cal acceleration of gr.ivity. Gravity sur- 
veys are being made from Ascension 
Island back up to the Cape. 

Range Safety System 

Range safetv svstem covers two time 
periods during a missile-firing; Zero to 
tlirce seconds, during which tlic missile 
is lifting vertically and am variation 
from course means instant cutotF and a 
crash back on the |Md; three seconds 
to burnout, during which anv cutoff 
must be predicated on the impact point 
of the aborted missile. 

Current system. F.lsic (SLSE; Elec- 
tronic sky screen equipment), uses a 
phase compar.itof on two pain of radar 
sets at right angles, one pair watching 
the azimuth and the other the program- 
ming turn dovviirangc. 

He.irt of the svstem for the second 
time period is an impact predictor 
consisting of three imits: a C-W' r.idar 
for tracking, a computer and a displav 
device, which com|)riscs both plotting 
boards and cathode r.iy tubes. It siwws 
the range safetv officer where the mis- 
sile is and wlicre it would fall if the 
power were to he cut at that particular 
instant. 

Pan American, RCA Roles 

Pan Amcriciin World Airw-avs and 
Riidio Corp. of .America have jointiv 
operated tlic range during tlie past four 
years. Pan .American is charged with 
administration, support, maintciianee 
and housekeeping of the range. RC.A 
does the teclinical work of data giitlicr- 
ing. reduction, photo processing, report 
writing. Both report to the center com- 
mander, Maj. Ccn. Donald H. A'atcs, 
through his Deputy Commander for 

RC.A engineers begin work sliortiv 
after a contractor’s test proposal arrives 
at the center, collaborating with Air 
)''otce missile |jrojcct officers and engi- 
neers on instunneiit.ition requirements, 
budgets, test planning, etc. RC.A moni- 
tors tests. Kiul product of tlieir activi- 
ties on the range is a final fliglit test 
data report. 


Average time to produce a final data 
report now nms between 10 and 12 
days. 

RCA keeps several teams of maiii- 
tciiaiicc ins|)cctors roving the range, 
checking on station techniques for re- 
pair and overhaul. 

,A contractor with a missile test pro- 
gram in mind utilizes tlic Test Require- 
ments Handbook, wltieli serves as a 
guide to center capabilities and as an 
outline for his tost series, in its pages 
arc complete descriptions of the range, 
iiistrumcntation, operations, data gather- 
ing and reduction, and everything else 
he needs to know to plan adequately. 
It also contains blank foriTi.s which he 
uses to explain and justify his test plan. 

I’hc handbook is reviewed, and the 
formal answer to the contructor’s pro- 
posal is the Test Support Plan, a folder 
of detailed test operations. AVitli for- 
malities and scheduling completed, con- 
tractor tests begin. 

New Island Site 

USAF now is establishing tracking and 
testing technical facilities on the island 
of F'cniando dc Noronha, about 250 
miles off the extreme East Coast of 
Brazil. When completed this site will 
provide another tracking faciliK for the 
present missile test range, which ex- 
tends south from Florida to Ascension 
Island. I 
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Kirtland Engineers Nnclear Delivery 


Albuquerque. N. M-— rnniarv mission of the Air Force Special 'V capons 
Center at Kirtland AFB is to mate nuclear and thermonuclear weapons with 
LISAF’s delivery svstenrs. 


But the center's task ranges f.ir Irc- 
Mmd tlie mechanics of making a 
weapon fit an aircraft and into a wide 
varich' of research, dcvciopinent and 
engineering problems, affecting not 
only the hardware invohetl but the 
men who control these sveapon systems. 

rlirough the intricately entrvined 
alationships of AFS\VC. Atomic En- 
ergy Commission, Defense Depart- 
incnt's Military Liaison Coinmittec and 
tlic Armed Forces Special Weapons 
I’rojcct. escry first line fighter, bomber 
and offensive missile in USAF’s in^•en• 
fori has a nuclear delivery capability. 

Vast technical progress of nuclear 
weapons has shaped the Special Weap- 
ons Center into a 'er.satile organisation 
with three units der’oted to its primair 
missions; 

• Researcli Directorate, concerned with 
analysis of future atomic and thermo- 
nuclear weapon designs and effects and 
employment of these weapons. It also 
is USAF’s main liaison agency for 
future atomic weapons progress. 

• Development Directorate, concerned 
chiefly with the center's "bread and 
butter” mission of marrving weapons 
to aerial dchseir s'stems. 

• 4925th Test Group, providing test 
support for research ,md dcielo|)inent 


at Kirtland and for Sandia Corp., and 
air .support for .^FC’s wea|)ons testing. 

Research Directorate's most impor- 
hint product is papcr-studies-analyscs 
and ideas on future inteledr weapon s's- 
tem designs and methods of using 
them; personnel hazards in handling 
them and how to counteract these in 
offensir e and defensive warfare; human 
engineering on the specialized equip- 
ment demanded by nuclear war. 

Directorate’s divisions and their 

• Analysis determining future needs, 
including tvpcs, wciglits. sizes, costs, 
siclds, etc., of mitlcar weapons and 
Irow they fit into US.M”s combat mis- 
sion for effcctise dclisery against 
USAF targets. One major contribution 
is the low' altitude bombing technique, 
oriEinally developed for fighter-bombers 
ana now ap|ilicd also to strategic 
bombers. 

• Effects. Goals arc data on detona- 
tion effects, yields, radiation and fall- 
out results, best detonation altitudes- 

• Bio-physics. Task is to measure, eval- 
uate and devise counter-measures for 
personnel hazards of nuclear warfare. 
Problems are permissible radiation dose 
to personnel in combat, safe techniques 
for dccnntaininaHng "bot’’ aircraft, dc- 


vchipnient of airborne radiation meas- 
uring instruments, reduction of radia- 
tion hazards to aircraft and personnel 
under attack, etc, 

• Warlieads, lliis division maintains 
extremely close liaison with other 
nuclear agencies to determine future 
|jossihilitics in warhead development— 
that is. size, yield, vulncr.tbility to 
coinitcrmcasurcs. crashes and fires; com- 
p.itibility with delivery systems, etc.— 
and to scrs'C as principal USAF in- 
formation source on these subjects. 

• niinian Factors. Reduction of the 
possibility for human error in opera- 
tion of nuclear weapons and delivery 
systems, including assembly, storage, 
installation, and other ground support 
problems. 

Directorate of Devcinpment mates 
firepower and machine, develops spe- 
cial snppIcmclUaty equipment, and 
provides engineering services to US.\F 
organizations that procure, maintain 
and rise atomic weapons. 

The -1925th Test Group (Atomic), 
consisting of five specialized squadrons, 
puts much of the rest of the center’s 
work into action. It has delivered all 
air-dropped nuclear and thermonuclear 
bombs ill AFC's tests since World 
War II and done the bulk of the 
cloud tracking and sampling. It oper- 
ates more than 50 aircraft valued at 
S90 million and ranging through the 
most modem US.\F equipment. ■ 
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AFAC Sharpens Air Force Armament 


Eglin AFB, Fla.— Air Force Armament Center has the mission of de- 
veloping and testing all of USAF’s non-miclcar armament, a task that grows 
no smaller as the possibility of limited war increases. 

As with most Air Keseaich and Development Command centers, having 
development responsibility does not mean that all the work is done in AFAC’s 
own laboratories and shops. More than two thirds of it is done by outside 
contractors. 


It is AFAC’s mission to initiate and 
supervise research and development, 
and follow through with testing of the 
end product. Commander is Maj. Gen. 
Fdward P. Mcchling- 

Until two years ago AI'AC's only job 
was to test non-nuclear armament. Then 
functions of Wright Air Development 
Center's old Annamcnt Laboratory were 
transferred hctc, broadening consider- 
ably tlie scope of .AFAC’s work and its 
need for testing ranges. 

AFAC is a tenant on Air Proving 
Ground Command’s 840-sq. mi. reser- 
vation. located on Choctawnatchee Bay- 
on the northwest coast of Florida. 

From a small base with a S5 million- 
budget and some 50 development tasks 
in 1952, the center has grown to covet 
500 development tasks, with an oper- 
ating and research and development 
budget of mote than S20 million and a 
civilian and military staff of approxi- 
mately 2,000. 

Ballistics Tables Assigned 

Most recent addition to the center’.s 
activities is that of developing all USAF 
firing and bombing tables, including 
those for nuclear weapons. 

AFAC’s Ballistics Directorate studies 
not only ballistics and terminal effects, 
but explores the fundamentals of blast 
phenomena, fragmentation, hyper vei- 
ocitv, etc., as thev relate to bombs, 
rockets, gun projectiles and air-launched 
missiles, in gathering data for its firing 
tables. 

Fire-control and bombing-navigation 
systems still are developed at Wright 
Air Development Center, but .AFAC 
has responsibility for providing test 
ranges and testing equipment for these 
systems. 

•AFAC's development and testing 


activities requite a complex of facilities 
running from the usual gunnery and 
rocket ranges and firing luys to more 
elaborate new ranges. Among tliose 
recently completed ot in the planning 
stage are: 

• Inertial Systems Range. Designed 
for cheeking out important inettial 
guidance systems for aircraft and mis- 
siles, this range really consists of three 
langes-one from Eglin to the Cam- 
bridge Research Center at Hanscom 
I'icld, Mass,, to give a nortli-soutli 
heading; one from Eglin west to Hollo- 
man Ai'‘B, N. Ma and a third, almost 
■4,000 miles long, stretching from 
Mountain Home, Idaho, through the 
beginning of Air Force Missile Test 
Center’s range at Patrick AI'B, Fla., 
and eontiniiiiig on to Ramey AFB in 
Puerto Rico. 

• Joint Range. Requirement for this 
range is a ballistic one, stemming from 
increased versatility of nuclear weapons. 
USAP‘, Navy and Atomic Energy Com- 
mission arc interested in establishing 
it near existing ranges in the Albu- 
querque, N. M., area. US.AF has said 
it needs a r.ingc 100 mi. long on which 
to deliver bombs to point of impact. 

• Combined Functions Range. In- 
creased speeds and ranges of aircraft 
and of interceptor and bomber-defense 
missiles have created requirements too 
great for Eglin’s land ranges. Even 
grasity-dtopped bombs has’C outgrown 
the 8-10-sq. ini. reservation, which is 
dotted with auxiliary AF.AC and APG 
fields. 

• Synthetic Radar Target Range. .Ap- 
proi'cd and programmed, this range is 
patterned on a smaller one with whicli 
AFAC had success in 1955. The larger 
range will have a layout of 1,600 radar 
reflectors wliich can he arranged to 


simulate industrial complexes or other 
similar targets. 

• Damage Potential Range. Now be- 
ginning operation, tliis range basically 
is a 2.000 ft. level track whidi can 
be used dual ot monorail to duplicate 
speeds of weapons plus speed of tlie 
aircraft, Goal is sled speeds of Mach 5. 

Sonic testing will be done with mol- 
ing targets, some with projectiles fired 
against stationary targets, to determine 
interior and exterior ballistics and ter- 
minal effects. Fuze testing also will be 
done hctc, 

AI'AC’s Air Munitions Development 
Laboratory, working closely with man- 
ufacturers, uiiiicrsitics, other scnice.s 
and its neighboring Air Proving Ground, 
bandies development of guns such a.s 
revolver cannons and the 20-mm. and 
50-mm. General Electric "Vulcan” Gat- 
ling cannons, spin-stabilized rockets, 
rocket guns, ammunition and fuzing. 

Armament Test Equipment Labora- 
tory is responsible for proving out the 
products of development. It must have 
test instrumentation on the ranges and 
in working order by the time Armament 
Labotatnri' or a contractor is readv to 
test. 

Functions of Directorates 

Directorate of Airborne Systems Test- 
ing is divided into fire control, bomb- 
ing and tow target branches. One of 
AFAC’s major efforts is to dei'olop su- 
personic tow targets and the aircraft to 
pull them for testing gunnery and 
rocket capibilitics of high-speed aircraft. 

Directorate of Munitions Testing is 
dii’idcd into weapons and missiles 
branch, fuze test branch, and Iwcterio- 
logical and chemical warfare branch, 
ivhose mission is to develop "retaliatory 
capabilitv. both dcfcnsii'c and offen- 
sive” in the BW-CW field. 

Diroctor.ite of Technical Support prrv 
1 ides engineering, mathematicaf and oi>- 
crational services, including such di- 
verse activities as overseeing contractor 
range operation, conducting data reduc- 
tion and nrodification and installation 
work for test airctaft. ■ 
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OF YOUR PRODUCTS 


Adel’s Research Laboratory is 
equipped to handle your environ- 
mental testing requirements to 
many specifications, including 
MIL-E-5272. 

Available for your use are the 
specialized, advanced research, 
environmental testing facilities 
required for ever higher product 
quality. 

Get the benefits of the un- 
matched experience of highly 
skilled engineers and technicians 
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Arnold Tests Airframe, Engine Designs 


Tullahoma, Tenn.— Heart of Air Research and Development Command’s 
pre-flight aerodynamic and propulsion testing facilities is the Arnold Engi- 
neering Dcvelopnrent Center, a unique ARDC installation both from the 
technical and the managerial points of view. 

Conceived as a part of tlic gove 


s Uiiitarx' Plan to pro\idc wind 
tunnels aimed at maintaining aeronau- 
tical superiority but costing more than 
industry could pay, Arnold has gconn 
in a way typical of research facilities 
since World War ll-it has been hard 
put to stay ahead of the advance of 
technology. 

Ner crtlicless it has contributed since 
completion of its first tunnel to the 
nation’s most important weapons pro- 
grams, including Centurv series fighters, 
the B-58 supersonic bomber and the 
intercontinental ballistic missile. 

AEDC depends on its operating con- 
tractor, ARO, Inc., to a greater degree 
tlian e\cn the Air force Missile T’est 
Center at Patrick AFB, the only other 
ARDC center wliicli lias a similar man- 
agement arrangement. 

Now more than three-fourths com- 
pleted, Arnold finds that its real value 
lies in its potential. It is located on a 
sprawling wartime Army base near a 
man-made lake that provides a lirtualii 
unlimited power source and cooling 
water supply for its complex of tunnels. 

Operated by an industrial contractor 
and staffed largely with industry- 
trained personnel, it is well keicd to its 
primaiy task of sening priiatc con- 
tractors. One former commander has 
predicted that it will be “the leading 
aeronautical testing center in the world 
at some time in the future.” ARO's 
managers point to a ntotc important 
factor than physical expansion capa- 
bilih' attitude of testing personiiel. 

“You cannot expect men of this 
caliber to be just senice sbition at- 


tendants,'' Ronald Smelt, Gas Dynam- 
ics Facility director, says. “Primarilv we 
are a scnicc station, but we like to 
tliiiik tliat while we arc giving scnicc 
cut front we arc working on a hot-tod 

One of Arnold's largest problems 
in scn'ieiiig competing airframe and 
engine nianufacturcrs impartialh is 
proprictan- daf.i. Elaborate safeguards 
arc set up to protect cieiy thing from 
physical .security of a contractor's hard- 
ware and docuinciits to test results, 
which take the form of reduced test 
data, ARO project engineers' prelim- 
inary data reports, final ARO test re- 


Wliile I 

lowed to share information of other 
manufacturers, ARO must proiidc 
ARDC and Ait Force with all test re- 
sults. so tiiat tlie best interests of botli 
the competing contractors and the 
country may be sened. The responsi- 
bility this imposes on ARO and Ait 
Force is both obvious and enormous. 

Prioritv for use of AEDC’s facilities 
I.S established by ARDC and USAh' 

.\ir koree staff at Arnold is organized 
into two operating divisions, rcscarcli 
and dei’clopmcnt and installation en- 
gineering. 

Research and Deiclopmcnt Division 
is made up of programs, technical in- 
formation and intelligence, and plans 
branches, and has representatives for 
the Propulsion Wind Tunnel, Engine 
'Test Facilih’ and Gas Dynamics Fa- 
eilitv. ■ 


USAF Sponsors European Research 

’ " ' ■ I— ,\ir Force scouts Eutoiw's rescaccli talent and mainlaiiis coni 
and Development Commiii 
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TO PROFESSIONAL ENGINEERS - 

Research and Development 
at Marquardt ... 




Stimulates Progress in Propulsion 
and Propulsion Controls 

At Marquardt Aircraft, research and develop- 
ment in the critical areas of propulsion and 
propulsion control is producing a steady stream 
of improved technology and product. As a result, 
professional engineers \vill find a broad range of 
challenging oppoitunitics in the scientific fronts 
of these activities. 

In propulsion, Marquardt’s progress is 
marked by powerjilant applications on the super- 
sonic Bomarc intercej)tor missile, soon to go into 
production, and the Lockheed X-7 Test Vehicle. 
Coincident with this, Marquardt scientists are 
obtaining a new understanding of the aerody- 
namic, thermodynamic and chemical behavior 
characteristics of even moi'e advanced propul- 
sion systems and exotic fuels. 

In controls and accessories research and 
development, Marquardt's pioneering has 
resulted in projects that are years ahead. From 
today’s ram air auxiliary power applications on 
the Chance Vought F-8U and the Lockheed 
F-104 — to tomorrow’s Nuclear Powered Air- 
craft, Marquardt controls and accessories are 
advancing the state of the art. 

Professional engineci's are invited to investi- 
gate these and the many other challenging 
research and development projects at Marquardt 
Aii'craft, leader in ramjets — ‘‘The Powerplant 
of the Future.” Today is the day to write that 
letter to Jim Dale, Professional Personnel, 
16551 Saticoy Street, Van Nuys, California. 


marquard tli^Tc.^ 

FIRST IN RAMJETS 

lesmriiii-A professional engineering team at Marquardt 
directs advanced projects that reach far into the 
future.. .part of this team are the operating Chief 
Engineers and company President, Roy Marquardt. 
(L to R) John Winter, Powerplants; Tony Kreiner, 
Controls; Roy Marquardt; and Leigh Dunn, Test. 


I(s«reli-. Headed by John Drake (inset), Director of Long 
Range Planning and Research, Marquardt's research scien- 
tists and engineers work in modern facilities which provide 
them with an environment that stimulates free inquiry. 


Cenitols-The ram air turbine, a product of accessories researclt 
and development, provides auxiliary power for supersonic 
fighter aircraft, such as the Chance I'ouglit F-8U. 


Pt»6rwits-In supersonic powerplants development, Mar- 
quardt ramjet engines provide cruising power for the Lock- 
heed X-7 Test Vehicle, and will soon go into quantity 
production for the Bomarc interceptor missile. 
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DESIGN - DEVELOPMENT - FABRICATION 



The Brunswick-equipped McDonnell Voodoo 


Advanced techniques and facilities in the areas of reinforced 
plastics, metal honeycomb and conventional metalwork have 
made Brunswick a prime supplier to the nation’s leading air- 
frame manufacturers. Whatever the problem, whatever the ma- 
terials ... a discussion with Brunswick could prove valuable to 
you, Write or call; The Brunswick-Balke-Collender Company, 
623 South Wabash Ave., Chicago 5, Illinois : WAbash 2-4020. 


BRUNSWICK 
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Cambridge Advances Art of Air War 


Hanscom Field, Mass.— Air Force Cambridge Research Center's Elec- 
tronics Research Directorate (F.RD) bears a striking similarity to Bell Tele- 
phone Laboratories in the broad scope of its activities and in the specific 
programs to which it devotes the bulk of its efforts. 

•V few of the similarities i 


• Activities range from basic rc.scarcli 
for nesv knowledge and component 
development to tbe design of complex 

• Major emphasis is on digital com- 
munications and data processing. 

• Large number of PhD's and scientists 
engaged in basic research. 

Nftirly ciery EsRD iabotaloty has a 
direct counterpnrt in BTL, but there 
is one major difference. BTX's efforts 
are pointed primarily toward advancing 
the state of the communications art. 
LRD’s ate aimed at advancing the art 
of aerial warfare. 

In its earlier years, ERD tended to 
specialize more in basic research into 
new techniques «hile Rome Ait De- 
\elopnicnt Center specialized in specific 
equipment deselopnrent. 

'lire fact that much of ERD's re- 
.‘catclr svas in digital communication 
attd data processing and flie fact that 
these tcchiriqucs now form the vital 
nervous systems of all the new complex 
grouird supporting systems for air de- 
fense aird tactical air control. ha\c 
puslicd ERD into the liardwarc dcr'cl- 
upment area. Tvpical srstems inchtde 
BADGE (Bomber .Ait Defense Ground 
Fmironmeirt) and TAGS (Tactical Air 
Control System) as well as the SAGE 
air defense system. 

A brief description of each of ERD's 
major laboratories gives an indication 
of the scope of its total actis’itics; 

• Propagation laboratory efforts are 
largely devoted to basic research to 
gain a better understanding of tire 
characteristics of the medium in whicli 
clcctro-magnetic radiation operates and 
how tlicsc properties affect radio and 
radar propagation. This laboratory did 
niiicli of tlic pioneer work in the field 
of scatter comnimiications and cur- 

S otlicr prom 

such things as 


"whistlers," the "dassn chorus” and 
ladio astronomv, 

• Com|)Oiients and I'cchniqnes Labora- 
tory efforts include niucli basic research 
into nesv matcrial.s for semiconductor 
and magnetic devices. This laboratorv’s 
activities embrace a variety ot scientific 
disciplines, including chemistry, physics, 
optics, electronics and coinbmations of 
these disciplines. 

• Components and Techniques Labora- 
tory projects range from crs ptognipliv to 
digital communications, from I1''E 
(identification fricaid or toe) to various 
t\pes of I’oicc communications. A major 
goa] of this laboratory is to dcsclop 
teebniques for squeezing more com- 
numientions into less of the radio spec- 
trum and to increase rcliabi!it\ . 

• Antenna Labotaton' seeks new ap- 
proaches to the design of radar and 
radio antennas, both gtoimd-bascd and 
airborne. Considerable effort is going 
into the development of new techniques 
for making flusli-typc airborne r.idar 


antennas capable of scanning without 
phssieal rotation of the antenna itself. 
'Ilic efforts of the Antenna Laboratory 
arc closch- allied to those of tlic Propa- 
gation and Communications Labora- 

» Radar Laboratory seeks new tccli- 


to make it less susceptible to enemy 
countenneasures. Anotlicr phase of its 
efforts are devoted to teeliniques and 
components for thrcc-dimcnsicnal radar, 
capable of providing information on 
aircraft bearing, range and altitude. 

• Computer Laboratory is responsible 
for developing new computer and data 
processing techniques for application 
to AKCRC's major electronic support- 
ing system ptognmis, such as BADGE 
and TAGS. It also sponsors state of 
the art deselopmenfs in new computer 
components and packaging lechniques. 

• Navigation Laboratory, wliich de- 
s'cloped the now-famous Volscan air- 
port approach stlicduling computer, is 
working on a number of other traffic 
control projects for US.AF which al.so 
may find Common System Applica- 
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Here is a precision, miDsture rale gyro. It's tiny . . . measures only 1 inch 
in diameter and 21^ inches in length. It's rugged , . . withstands lOOG 
shock and lOG vibration to 2,000 cps, It has a record of proven 
performance. 

Even under the most severe environmental conditions the Golden Gnat 
will perform as required. To make this possible many unique design de- 
tails have been incorporated. One such detail is the Gnat's gold plated 
steel housing for improved corrosion resistance and positive hermetic 
sealing. 

Wherever the need exists for high performance miniature rate gyros such 
as for autopilot stabilization in missiles and aircraft, antenna stabilization 
and fire control applications, the Golden Gnat is ideally suited. Write for 
Bulletin GN . . , Minneapolis-Honeywell, Boston Division, DeptAW.1400 
Soldiers Field Road. Boston 35, Mass. 


Honeywell 

BOSTON DIVISION 


Putting the sting 


GOLDEN GNAT 

Miniature Rate Gyros for 
Missiles and Aircraft 
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HADC Plays Key Missile Test Role 



Holloman AFB, N. M.-AR13C's 



being tested at Holloman. 

Also conducting missile test at 
HADC, under command of Maj, Gen. 
Leighton I. Davis, arc Directorate of 
Ballistic Missile Test and Directorate 
of Aircraft Missile 'I'est. 

Among major contractors now test- 
ing at llolioinan are Douglas, Bell, 
Lockheed, Goodyear, Aerojet, Martin, 
Ryan, McDonnell and Convair. Cen- 
ter rciics on industry for missile design 
and fabrication; uses its facilities only 
to test and evaluate. 

Other Test Facilities 

Other Iloilonian test facilities in 
various stages of completion include tire 
3j,000-ft. captisc missile test track on 
which missiles and missile components 
can be sicd-carricd to eliminate ''bugs” 
before actual firings; captisc-niissilc test 
stands which will reveal svstem detects 
in a rclatisely inespensire procedure 
which docs not c.'iijcnd the missile; a 
solar furnace to create scry liigh tem- 
perature condition.^ in flic range of 
6,000-8,000 deg. F. 

Center curamtlv is using an elaborate 
.analog computer system and flight 
simulation equipment for support of 
missile testing in tlie preliminary 
ground pliasc. Design studies are 
checked by analog computer and achial 
Irardn'.ire is clicckcd by plivsical simu- 
lation equipment. 

B>- comparison, the "real-time" fea- 
ture of the new ssstem is that computer 
analysis of missile jjcrformance is con- 
ducted rapidiv wliilc tlic missile is in 
flight. 

I iris feature, jjIus the closed-loop 
capiibilily, is ncirly equivalent to 
"putting a man in the missile.” 

I'liis approacli to missile testing will 
require test engineers to dcsote much 
greater effort to test planning. Prefiight 
test requirements also will be increased 
to provide tlic more accurate and exten- 
sive data needed for test planning. 


Closed-loop performance anaU-sis sys- 
tem will receive flight test information 
from missile telemetering equipment 
and ground instrumentation such as 
radar and other tracking devices. This 
will be comerted and transformed bv 
computer equipment. 

Tlic test track, scheduled for com- 
pletion tills vear. will lie an extension 
of Holloman's 3,;00-ft. track. It will 
be a test tool on «hicii sliock and 
accelerations experienced in actual 
launcliiiigs and sclocitics attained in 
free fliglit can i)c duplicated bv sled 
runs, reducing the costb' and time- 
cmisuining firing of indii idnal missiles. 
Ilic i5,000-ft. stretch will permit 
longer periods of data recording at 
speeds considcrabh- iiighcr tlian tliosc 
attainable on sliortcr tracks. 

initially it is expected tliat speeds 
between Slach 5 and ■{ will be attained, 
and accelerations up to 50Gs. Studies 
of effects of decelerations in excess of 
200Gs arc planned. .\t first track will 
not be used for firing slcd-inountcd 
missiles, liut captis'c firings arc planned 
for the future. 

To test large ballistic missiles, four 
static test stands arc being constriietcd 
at Holloman. Missile, licld captive in 
the stand, will be operated as it it were 
being launclicd for free flight. All mis- 
sile equipment can he clreckcd in such 
a static firing. Structure can also be 
clicckcd for rcsisfcince to shock. 

Directorate of .Aircraft Missile Test 
conducts dcvciopmcnt testing of guided 

T'liis includes; 

• Missile countermeasure studies. Eval- 
uating missile’s viiincmbility to couiitcr- 
incasurc techniques and reporting on 
{ainniing susceptibility. 


• Recoi'ery system development. Cre- 
ates techniques and equipment for rc- 
coicry of airborne recording units or 
even complete mis.silcs, 

• Propulsion services. Stores and han- 
dles unconventionai rocket fuels; serv- 
ices and iiuipects solid and liquid mis- 
.silc propellant ssstems. 

• Photograpliic services. Fumishcs doc- 
iimcmtarv record of tlic missile. 

M.iin, workload of the Directorate of 
Aircraft Missile Test is carried by tlircc 
divisions: .Air Defense, responsible for 
Falcon air-to-air iiiissiic, Talos surfacc- 
to-air and Sidewinder air-to-air; Bom- 
bardment, witli responsibilitv' for both 
air-brcatliiiig and rockct-powcrcd bom- 
bardment-type missiles; Drone Systems, 
testing su[x;rsoiiic experimental target 

Two Roles 

Holloman is confronted with two 

• Speeding development of tlie missile 
and “selling" it to the operational com- 
mand. 

• Taking a critical view of tlic missile 
and its value as a military weapon. 

Tin's somewhat contradictory situa- 
tion has been handled by relieving proj- 
ect officer of responsibility of writing 
evaluation reports on missile progress. 
Evaluation responsibility is discha^cd 
bv another organizational clement 
which gathers progress data from tlic 
contractor and project officer. Tlicir 
critical evaluation reports are sub- 
mitted to Hq.. .-\RDC, and to the 
weapon system project officers. 

Stiidv of human factors in aviation 
is conducted by tiic Aero Medical Field 
Imboratorv. under tlie Directorate of 
Rosearcii and Development. ■ 
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NEW LABORATORY PROVIDES 
three separate surge circuits to simulate 
lightning strike effects on avionic equipment 


NOW... 

before production, during development— 

design LIGHTNING-STRIKE PROTECTION 
into avionic equipment! 


The Dale Products, Inc. Lightning and Transient Voltage Research and 
Testing Laboratory has complete facilities for conducting extensive 
and thorough tests of simulated iightning effects on a sub-contract basis. 


^ ' DALE PRODUCTS, INC. off rs 
the first commercially available 

LIGHTNING and TRANSIENT VOLTAGE 
i RESEARCH and TESTING LABORATORY 


Never before have such testing services been readily available on 
a commercial sub-contracting basis: able to provide specific 
answers to problems relative to lightning strikes on electronic 
apparatus and equipment. 


From time to time every major aviation com- 
pany has either faced long delays or had to ac- 
cept equipment without complete high voltage 
simulated lightning tests being conducted. 
Acceptance of such untested equipment is no 
longer necessary. Delay from waiting on such 
testing need not hinder your production and 
delivery schedules. 


Testing your equipment on a sub-contracting 
basis is immediately possible at the Nation's 
first commercially available lightning and tran- 
sient voltage testing laboratory. 


Taking over five years to conceive, this new 
Dale Products, Itic. testing facility allows con- 
ducting stroke current and capacitor explosion 
tests in accordance with MlI,-A-t]091B(ASG> 
and MII.-M-2.51b0lUSAFl. 

Lightning strike effects on many varieties of 
electrical and electronic apparatus such as air- 
craft and missile antennas, UHF equipment, 
lightning arrestors and other allied types of 
transmission gear can now be conducted to 
your specific order. 


CIRCUIT B 


Total charge 
Low inductive 


>f 25 coulombs, total power is 50,000 watt-seconds. 

' circuit with SOOO micro-farads capacitance, charged 


■5 KV. 




The above oscillographs represent some of the wave forms obtainable from this new 
facility. Wave forms to conform to your most demanding requirements can be 
established. 

In conjunction with stroke and capacitor explosion tests, supplementary testing such 
as determining RF characteristics under extremely high altitude, DC corona tests up 
to 200,000 volts, etc. can be conducted. 

Adequate equipment, precision instrumentation and consulting experience makes the 
Dale Products, Inc. Lightning and Transient Voltage Laboratory of immediate value 
to advanced avionic research and development programs. 

For more details send for descriptive bulletin R-40. 





• ARDC 


Aerial Warfare Reshapes Rome’s Task 


Rome. New York—Changing nature of aerial warfare is changing the 
complexion of Rome Air Development Center activities in the field of ground- 


based avionics. For example: 

• Global nature of USAF’s operations, 
demanding speedv conununications be- 
tween far-flung bases and central con- 
trol points, is focusing R.\DC efforts 
on tne design and development of a 
new. improved global communication 

• Advent of inertial, doppler, celestial 
and other self-contained airbcnie navi- 
gation svstenis is shifting R.^DC efforts 
away from former major activity, 
ground-based navigation s'sterns. into 
the development of ground-based guid- 
ance systems for missiles. 

• Serious threat of long-range ballistic 
missiles has resulted in a major RADC 
program for the development of a bal- 
listic missile defense supporting ssstem. 
Heart of this system is a long-range 
early warning system, using radar and 

Six Directorates 

Rome Air Development Center car- 
ries out to its assigned responsibilities 
in six directorates. Three of these 
cart}’ out hardware development and 
design; the others provide important 
supporting services to the former. 
Directorates ate: 

• Communications. 

• Control & Guidance. 

• Intelligence & Electronic Warfare. 

• Technical Services. 

• Flight Test & Instrumentation. 

• Procurement. 

Radio and teletype communications, 
the oldest of the electronic arts, has 
until recentlv been largelv eclipsed by 
.some of its more glamorous offspring, 
such as radar. Communications has not 
in the past receised the technical or 
financial support accorded to radar, fire 
control, missile guidance. 

The advent of supersonic weapon 
carriers, coupled with tlie United States' 
.s|)rawling global commitments and 
bases, have forcibly brought home the 
fact that our communications have 


failed to keep pace with our needs. 
It is not unusual for a flight of air- 
craft to arrive at an overseas base be- 
fore teletype word of their intended 

A major R.^DC program calls for the 
dcsclopmcnt of a global network of 
tclcplionc. teletype, radio and facsimile 
facilities capable of meeting both the 
day-to-day and cincrgcncv needs of the 
mam different USAF commands. 

The system must be designed to 
make efficient use of its facilities, with 
automatic routing to find the quickest 
available path to any designation. Fur- 
ther. there must be .in automatic 
priority system which can provide tem- 
porary storage of a routine message 
t,' free a teletype circuit for a more 
urgent message. 

Another important design criteria is 
that the system should be constructed 
from standardixed equipment building 
blocks, not unlike the philosophi- of 
the American Telephone & ’Telegraph 
Co. 

However. RADC faces a more diffi- 
cult task than A. T. & T. because its 
future requirements are ever<hanging 
and far more difficult to predict. 
Control & Guidance 

Ground-based radar, long an RADC 
specialty, is being applied to both mis- 
sile guidance and ICBM defense in the 
Control and Guidance Directorate. 
This group's actisities also include 
ground-based navigation aids, such a.s 
Navarho and Tacan, secondary radar 
and IFF (identification, friend or foe) 
beacons, and the development of auto- 
matic approach and landing systems, 
such as the recently announced Bell Air- 
craft Corp. system. 

Other activities of the Control and 
Guidance Directorate include: 

• Airport surface detection radar, or 

• Gronnd-controlled intercept comput- 


USAF R&D Fund Requirements 



ers, such as the AN/GPA-37, a minia- 
ture semi-automatic version of SAGE. 

• EGECON (Electronic Geographic 
Coordinate Navigation System), which 
automatically keeps tabs on each air- 
craft’s position by means of periodic 
radar transponder messages. Similar de- 
vices may find application to Common 
Svstem traffic control problems. 

• Ground-based radar beacons for navi- 
gation and tactical putposcs- 

The Riidar Laboratory in this direc- 
torate is responsible for developing both 
complete new radars and new radar 
components, such as tubes, modulators 
and antennas, as well as new techniques, 
such as improvcil mming target indi- 
cator (MTI) circuits- 

Oire of the most important tasks of 
the Radar Liboratory is to develop tech- 
niques for making radar less vulnerable 
to enemy jamming. 

Electronic Warfare 

RADC holds USAF responsibility 
for ground-biscd electronic warfare and 
has facilities for testing all types of Air 
Force counter-measures equipment, 
both ground-based and airborne. 

Electronic warfare may take the form 
of jamming or intercepting the enemy’s 
communications, disrupting or deceiv- 
ing its radars or other detection devices. 
One RADC spokesman calls electronic 
warfare a “nerer-ending race against 
time and the enemy's ingenuity." 

The human operator plays a promi- 
nent role in the design of any ECM 
equipment because in the final analysis 
it is a human operator, rather than a 
radar or radio, who must be deceived or 
denied the use of his equipment. 

Supersonic s[jceds of aerial warfare 
demand comparable speed in the collec- 
tion and dissemination of intelligence 
data about the enemy, his capabilitie.s 
and his facilities- Second major func- 
tion is to develop new techniques for 
gathering, reducing, storing and han- 
dling intelligence information. 

This ta.sk takes the directorate into 
a number of seemingly diverse yet func- 
tionalh- related activiries. 

Forexamplcr 

• Library science; best data processing 
and handling svstem is no better than 
the indexing system used to classify the 
information prior to its storage. 

• Automatic translation; because there 

arc rclativcli fc«' military and scientific 
people with a working knowledge of 
Russian or Chinese, intelligence in- 
formation can lose much of its value 
because of delays in translation. For 
tliis reason, RADC has a program 
aimed at development of computers 
capable of performing semi-;iutomatic 
language translation. ■ 


no 
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LA DIFFERENCE 




for example take: FLEX-LIFE INSURANCE 

Over three years of successful flight service and millions of feet of installed hose testify 
to the complete reliability of Fluoroflex-T hose assemblies at temperatures from ~100‘’F to -l-500'F. 

Contributing to this remarkable performance, among other things, is the greater 
flexibility and flex-life of the patented Fluoroflex-T construction. Separate the facts from fable 
on hose made from Teflon— see the reverse side of this page. 


RESISTOFLEX 


EX-T 

hose assemblies 


THE VITAL. DIPFBI*BHCE 


Millions of feet in service 

m.UOROrL6X*T: 

fzr" . . . proof of reliability! 

fluMoC2rbon hose ■ ^ 



Service^roveo 
constructions to 3000 psi 




The gre 


x-llfeof Fluo 
hose assemblies is one of many rea- 
sons for their outstanding perform- 
ance and reliability-proucd m over 
thn« years of tovyh. hard service. 

With many times the flex-life of 
ir fluorocarbon hose, Fluorofle 


mblice 




t the se- 


after I 


sands of flying hours. 

Only Fluoroflex-T assemblies 
vide this safety factor— the minin 
insurance which the human lives 
costly equipment involved deserve 
their protection. 

Now, with millions of feet in s 


ice, the record speaks for itself. 
Fluoroflex-T hose assemblies truly 
insure optimum reliability for air- 

VITAL FACIS ABOUT PLUOKOFIIX-T 

Ftuoroflex-T hose is made of DuPont's 
Teflon — a roio iiiofci iol. The addition 
of compounding ingredients or the 
nature of fabricating techniques can 
vary properties in the end product 

For example, fiex-life can vary a 
Ihonsandfold depending upon the 
manufacturing methods used and the 
degree of control applied. 

Since the properties of products 


from Teflon can be made to vary 
greatly, the fabricator’s integrity and 
experience remain the user’s best as- 
surance of reliability and perform- 

In Fluoroflex-T assemblies, it is 
the unique patented tube and special 
manufacturing techniques originated 
by Resistoflex that make the vital 
dilTevence. 

Resistoflex is the only "coupling 
manufacturer” that has worked with 
Teflon since its introduction. If you 
have any questions on the behaviour 
of hose made from Teflon, you can 
get the right answer from Resistoflex 
- conservatively expressed. 



Originators of high temperature fluorocarbon hose assemblies 

esisto-n 



ex 
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Roseland. New Jersey ■ Western Plant: Burbank, Calif. • Southwestern Plant; Dallas, Tex. 


• ARDC 


Lackland Mates Manpower to Weapons 


I-iicklanei .AFB, Tex.— Proper classification, training and distriliution of 
USAF luiinaii rcsotitces to assure tliaf a weapon sxstem becomes fulls opera- 
tional as soon as it is delivered is a major task of tlie .Air Force Personnel and 
rrainiiig Rcseardi Center liere. 

I'iietor cimi|jUcating tliis in.issi\e jol) 
is that new weapon systems often gen- 
erate coinpleteb new tasks for wliicli 
there is no tmining or performance 
[jrecedent. 

.Mrt'.idy. weapon systems exist wliith 
require as operators men witli new per- 
soiialits parameters. The B-5S Ilu'-tlcr 
supersonic bomber, for instance, re- 
quires a pilot with opposite pcrsonalits 
poles. Most of the time his duties require 
irim to perform tlie scr\ inonotmious 
job of watching a number, of dials and 
indicators, since he has no actual pilot- 
ing to do. Vet, at the hisfcmt of an 
emergency, he must act with genius to 
iwcrcome the malfunction. lie miglrt 
he required to hand-fls the plane out of 
a bighir unstable condition. 

Al'Fl RC's job is to help find and 
train. Prolslcm is tliat scry little is set 
known about the subject. 


Functions of AFPTRC 

AITI RC is a relativcls new center. 
It was formed carls in I9s4 bs- the in- 
tegration of three prciimislv separate 
Human Rcsoiirees Research .\gcncies 
within the .\ir Force's .\ir Research and 
Deselopmcnt Command. 

rhe center, whose headquarters arc 
here at Lackland .Al'n. lias three major 
labor.itorics-tlie Personnel I.aboraton. 
also here at laiekland: the Maintenance 
Laboratory at l.owr .U'B, Colo., and 
tlie Oirer.itor Labnraton. Randolph 
-\F'8. Tex. 

Other major units are Office for 
Qualitative Personnel Requirements In- 
fonnation (QPRII at laickland, and the 
Office for Social Seientc Programs at 
Randolph. 

.M'PI RC defines its functions this 
w-ay; It assembles and dcvelo|)s rclc'-.iiit 
theory and knowledge necessary for: 

• Developing infotmalioii and ptnducf.s 
tor current .\ir Force personnel opera- 

• Cciicrating specifications for tlie ,\ir 
I'orcc personnel ssstems of i960, I96i, 
19-0, and so on.' 

• Participating in weapon sv.stcm daei- 
opmciit. 

I he center’s fonnal imssion is "to 
im|5rove. tliroiigli research and dcsciop- 
ment. tlie effectiveness and efficientv 
of .Sir i'drcc personnel operation-.," 

.SFPl'RC is striving to inaximi/c tlie 
effcctiscncss witli wliich the limited 
manpower resources of the United 
States arc used through: 

• Determining personnel rcqiiircincnts 
of new- wca|X)n systems. 


• Imprming selection, classification, as- 
signment of personnel and other aspects 
of the ]x.Ts(innel system. 

• Iinjsrosing training methods and dc- 

• Improsiiig teamwork and nrgaiiixa- 
tional edeetheness from the Icscl of in- 
dividnal weapon system crews up 
through the oictiill ,\ir F'orec manage- 

• Inipim ing methods for collecting and 
anaiyi'iiig liiinian factor elements of in- 
telligence data. 

IF lielping other ,\RDC centers to 
aiitiei|).ite personnel and training prob- 
lems generated bi new wcaixin ss stems, 
AF PI RC will help to minimize Irain- 
iiig costs and peisoinici deficienecs 
when new systems arc put into opera- 
tion. avoid tiinc-coiisumiiig and cxpcii- 
siic ee|iii|jmcnt retrofits, and im]3rmc 
futnm personnel training systems. 

IF helping to sobc personnel and 
training problems associated with ex- 
isting weapon systems, the center can 
better present personnel and training 

By aecomplishing tlie nece.ssarv re- 
search in pss chologs and social sciences, 
it can initiate radical reductions in the 
lead time required to develop personnel 
and training know-how. Goal is to have 
a jxiol of information broad enough to 
Ijcrmit rapid answering of new t|iics- 
liiins as they arise. 

.M'l’I'RC requires the servites of 
main different skills and professions to 

acconi|)lish its in.niy-faeetcd missions. 
.\niong them arc psychologists, .sociolo- 
gists. electronic engineers, m.ithem.iti- 
cians and test pilots. 

To acliicse the best marriage possible 
of ni.m and machine so that the result- 


ing weapon sv stem may be highly effcc- 
tise, the ,\ir Force also requires the pro- 
fes.sional help of Innn.m engineers and 
personnel and training psychiatrists. 

'I'he human engineer tries to fit the 
machine to the man. Working with de- 
sign engineers tliroiighmit a we.ipon 
ssstein's dei elo|3iiicnt cvclc, he rceoni- 
inends design characteristics that will 
make the machine most readily used 
and ea.silv inaiiitainccl by the grc:itcst 
niimlKT of peo])le. 

Flic personnel and training psiehia- 
trist works to fit the man to the ma- 
chine. He dc\eloi>s the best wai- of 
selecting the right men for the special- 
ized joiis at hand and devises new train- 
ing methods to make it easier and Lister 
to fit the men to the weapon svstems 

Qualitative i’ersouncl Rec|uirenicnts 
Information is one of .M'l’TRC's most 
important noii-researeh programs. 

QPRI |)roducts fall into these two 
broad categories: 

• Description of jol) positions, 'i'liis in- 
volves the aetu.il identification of vari- 
ous tasks and tlie definition of the tasks. 
Major part of tlic job lies in defining 
them. I he essence of QPIU is to or- 
ganize tliese tasks and their definitions 
into ilieaningful position deseriptions to 
come up with a logical, feasilsle and 
solid jol) structure. 

• Determination of training devices. 
1 his second portion of the QPRI effort 
fdllims deveUipment of [xisition descrip- 
tions. This is necessan because the 
descriptions arc the tr.iiiiiiig cmirie 
criteria oi training area. 

Mission of the Office for Social Sci- 
ence Programs is the application of 
social science knowledge to such prob- 
lems as teamwork and morale, niotiva- 
tiim and leadership, intelligence dat,i 
collcetion. target identification sur- 
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RYAN 

VERTIJET! 


NOW IT CAN BE TOLD! 

For many months Ryan X>13 pure jet VTOL research planes have been 

1. Taking off vertically on jet thrust 

2. Hovering stationary — maneuvering backward and sideways 

3. Making the transition from vertical to horizontal flight -and 
back to vertical-with ease and precision 

4. Flying as conventional delta-wing airplanes 
6. Landing vertically 

These are history-making accomplishments of major significance in 
world aeronautical progress. They culminate years of pioneering development 
by Ryan in the closest technical cooperation with the U.S. Air Force 
and the U.S. Navy. 

By doing the heretofore impossible, Ryan Vertijets point toward an 
entirely new generation of jet aircraft of increasing capability— in climb, 
speed and altitude performance. 

Those with vision can readily see where this milestone in the science 
of flight can lead. Ever increasing knowledge of jet VTOL is being unlocked 
by Ryan and the military services. 






C.A.A. buys 23 new Raytheon "Flight-Tracker" Radars 

long-range equipment to speed schedules, reduce "stacking" and 
air lone congestion; assure positive air fraffit controls— creote "more sky to fly In" 



The Civil Aeronautics Administra- 
tion has just taken a giant step to 
solve aviation’s biggest problem: air 
traffic control. 

New Raytheon radars with huge 
40-foot antennas will be a key part 
of a complex nationwide air surveil- 
lance system that follows and helps 
safeguard all aircraft during every 
stage of flight. Radar scopes that dis- 
play air lane maps pinpoint plane 
positions at distances up to 200 
miles, altitudes to 70,000 feet. 


These '‘Flight-Tracker” radars de- 
tect and track aircraft in all kinds of 
weather— even see through storms. 
A unique indicator tells the operator 
when the unit needs servicing. 

By making possible precise new 
air traffic patterns, by speeding 
arrivals and departures, Raytheon 
radar readies the air lanes for the 
Jet Age. Here is another instance 
where Raytheon’s “Excellence in 
Electronics” clears a roadblock from 
America’s path to air progress. 


RAYTHEON MANUFACTURING COMPANY 


Waltham S4, Massachusetts 
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Circit Mumbtr 267 on Roodor.SorvIce Cord 


• ARDC 


Edwards Evaluates Weapon Systems 


Edwards AFB, Calif.— US.AF’s Flight 'l est Center, responsible for the 
testing of all Ait Force aircraft, enters tlie life of a new weapon svsteni early, 
witli ,AI''I'' rC personnel sitting in on design evaluations, mockiip boards and 
otlu'i judging groups. 

Complete cvaliiiitioii of a new 
weapon system at Edwards, where all 
parts come together for the first time, 
iiifliidcs an ciglit-|)hasc test |)rtigiam; 

• Plia.se I— Contractor coinjiliance or. 
will it fl\? .Aircraft, in about 20 hours 
of testing, is held to 807t of design 

• Phase II— Initial iietformpiicc, usuallv 


Phase 1 done again hi’ US.-\F pilots. 

• Phase III— Contractor dciclopincnt, 
where mo.st major hugs will he irimcd 
out. most of fixes suggested hi’ test 
pilots will he made. 

• Phase I\'— Perfonnanee and .stability, 
ill iiliicli entire peifnmiunce regime 
will be ini’cstigatcd. In .some 200 
liours. data is ohtiined from wliieh air- 
craft h.indhooks arc later written. 

• Phase \'— .\U-wcatlicr tc.sting, done 
lit Wright ,\ir Dciclnpmcnt Center, 
Ohio, Fglin Al'H. 1-ja.; Ladd .M'B. 
.\hiska. 

• Phase \'l— I'lincticinal deiclojinietif, 
using production models. I’acit neces- 
sary |iart of tlic wcaixin si stcin must be 
operative: cven’thing in the airemft's 
re|)crtoirc is .aecoin|>lis|ied. Using- 
agcnci’ pilots enter the picture licrc, 
helping fli this phase, which uses three 
to six airplanes for about IvO hr. each. 

• Phase \'II— Operational snitabilitv, 
accomplished bv using agencies at the 
.Air Proi’ing C.rmnid. 

• Phase A'lII— ffnit o]«;ratiorial cinplov- 
iiiciit testing, aecmnplislicd by using 
commands tmder sii|)cr\ision of Air 
Proving Ctniind. 

AFITC is located at Edwards on 
California's Mojave Desert, fts sOO.OOO 
acres arc aromid a dri’ lake lied 1 ’ miles 
long and s miles wide. Tlic lake bed. 
smooth and hard, is able to withstand 
the heaviest landing loads and is ideal 
for dcadstick landings and long-nm 
takeoffs. It is the prime reason for the 
center’s location here. 

During the past six vears more than 
400 test missions have been nceessatilv 
intcrrii]3tcd with emergenev landings 
on the lake without mishap. .An esti- 
mated one-third of a billion dollars in 
aircraft and equipment haic been 

.Along with .Ai'TTC. ntlier tenants 
of Rogers Dn’ Lake include the Na- 
tional .Adsisory Committee for .Aero- 
nantics. which maintains a fi-1 million 
high speed research station here. 
Douglas and Comair recently inmed 
into a new joint facilits on the edge 
of the lake. 

'Die need for cx|5eriincntal flight test 
in niaintaining a qualitatively superior 
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.\ir l''oree has led to the cxceufion of 
a 5120 milhon "master plan" at the 
center. Plan, in which an entire Iwsc 
was rcloc.ited across six miles of desert, 
has iin’oh’td: 

• flodilv upright transplanting of a 
l25-ft.-liigh water tower. 

• Relocation, intact, of two hangars, 
each four .stories liigh and coiering 
more ground than a football field. 

• ,\ new 15,000-ft. concrete nmwav. 

• .A H2-ft, high control tower, be- 
licicd to he the world's tallest. 

• New iiiaiiitcnanee hangar which, with 
adjoining shops, coicts nine acrcs- 

lleait of .AP'l’TC is the Dircctor.itc 
of P'liglit Test, supported by the divi- 
sions of Plight Test Operations, Might 
lest Engineering. Tedinieal Scrs’iecs 
and Tcclmical facilities. Under each 
division arc highly spcxialiaed branches. 
'I'lie Project Control Office coordi- 
nates the whole directorate. 


In addition to the Might Test Cen- 
ter and lest Pilot Sehool, following 
arc also ba.scd at Edw.irds: bslltli Test 
Group I Par.iclnitei which is plnsieally 
located at the N.UAS. El Centro, Calif.; 
671 ith M.iinten.mce Group, wbieli han- 
dles upkeep to test airplanes: fiilOth 
■\ir H:isc Group, the housekeeping 
unit for Fdivatds; Rocket E'.ngiiic 
i est l.aboi.itorv and Ikillistie, 'l est Ea- 
cilitv. 

I'light Test KnginecTiiig Diii.sion’s 
branches ate performing engineering, 
coiicemcd with all fising char.,cteristics 
of an aircraft: l light Research, which 
gatlicrs dat.i pertaining to new deselop- 
ments in this aircraft: Miglu’ Develop- 
ment lest, which plans Tiow best to 
utilize a particular sve.ipoii sr stem; llu- 
ni;ni I'actors. concerned witli all as- 
pects of tlic inan-inachinc relationship, 
in svhieh ground crests and othex sup- 
port |)crsonnc] are also considered. 

In the Eliglit lest Operations Divi- 
sion arc Tr.iining and Fqnipmciit Office 
(one for each plane tipel: Opcnitiims 
,iiid Dispatch Office, Eightcr Opera- 


BMD Su|»er\ ises IRBM. ICBM 

lais .\ngeleS“Most .inihitioiis wcsi|ioiis rievciojniiciif |m>graiii ever wnilcrtakcii— 
crcaticiii nl a family of intermediate and iiiteicrmtincnLii range Irallistic missiles-i' 
guided chieily by llic Ilcadqiiarteis, Air Research and [Jesv!ri|)mciit Conimaiid 
Ballistic Missiles Division. 

Known wilil rteciitly as the W'esteiii Development Division of .\RDC, the 
Hallistic Missile Division lias hvo essential iiartners— Mic Ballistic Missiles Office nf 
.Air Materiel Cnmmand and Raiini-M'noldridgc Corp.’s Guided Missile Kcscaielt 
Division. 

BMO imiiiitors some 50 coiitracK- and oversees ptcxliietirm, qiiaiiti toiitrol, supply- 
iiiaintcnaiier and tram|x)itatinn. Ramn-'S'onldridgc supplies systems cngincciiiig and 
tccliniejl direction. 

Created only three scars ago. the Ballistic Missiles Division now has a slreamliiicft 
operation holding highest national priority. It is engaged in such rapid deselopmciil 
of missiles that test models arc fabricated on production tooling. 

Division commander. Maj. Gen. Bernard .A. Scliricvcr. rc[>orts dirceth' to the 
Commander of .\RDC and heads a program from which ted ta|sc has hcni strijipcd 
jwih to a grt-Jtcr degree than anv other. 

Gcii, Schrievet told Congress rccciitlv tiiat BMD is engaged in a "vast facilities 
ennstructioii program" totaling S-fOO million, of which SlOO millinii is industrv. 
financed. 

E'irst hallisHc missile liasc support squadron has been activated at Camp Cooke, 
Calif., a former ,\rmv site vhieh will be used for training and as the first o|>crational 
IRBM-ICBM base. ' 

Gen, Sclitievcr told Congress “all major milestones for Thor (IRBM) and .\tlas 
and Titan iICBM) development have to date been verv close to scliednic." This 
includes initial lest firings of Thor at i’atrick .\EB, I'la., and expected firing of .Atlas; 
and powerplaiil ehetkonts at .Air rorce I'light Test Center's Rocket Base. 

Major contractors for airframes are Conv-jir Division of Gc’ncr;il nimimics Corp. 
(.Atlas); .Alartiii-Dcnver (T’ibm) and Douglas .Aircraft Co. (Tlior). 

Alajnr iimpolsioii contractors arc Acrojet-Ccncral Corp. ( Tihiii). and Rockctdync 
Divasioii of Nortii .American .Aviation, Inc. (.Atlas and Thorl. Major guidance con- 
tractors arc .AC I'llcctiic Division of General Motors Corp.. Amcricim Boscli .Arma 
Corp.. Riirrmiglis Corp.; General Klectric Heavs Military Klcctrniiics Division; 
Mjssaelmsetts Institute of Tcclinologv; Sjicrrv Rand Corp.; AA'estcfn F.Iectric Co. 

Major nose cone contractors arc .Avco Alaimfactwriiig Corii.; I.nekliccd .Aircraft 
Corp.; General I'llcctric Co.’s Special Defense Ihojccrs DcpaTtmciit, 


UNITED STATES ARMY 

Corps of Engineers 
Ordnance Corps 
UNITED STATES NAVY 

Bureau of Aeronautics 
Bureau of Ships 
Bureau of Yards and Docks 
Office of Naval Research 
UNITED STATES AIR FORCE 
Air Materiel Command 
Air Research and Development Command 
Strategic Air Command 
INTERNATIONAL COOPERATION ADMINISTRATION 
UNITED STATES ATOMIC ENERGY COMMISSION 
BROOKHAVEN NATIONAL LABORATORY- 
Associated Universities, Inc. 
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BOEING AIRPLANE COMPANY 
CURTISS WRIGHT CORPORATION 
LOCKHEED AIRCRAFT CORPORATION 
MARQUARDT AIRCRAFT CO. 

NORTH AMERICAN AVIATION, INC. 
NORTHROP AIRCRAFT, INC. 

PAN AMERICAN WORLD AIRWAYS SYSTEM 

AVCO MANUFACTURING CORPORATION 
THE GARRETT CORPORATION 
HYDRO-AIRE INC., 

Subsidiary of Crane Co. 

PHILLIPS PETROLEUM COMPANY 
RADIATION, INC. 



We are very yroud to have served some of 
our country's most impoj-tant organhations 
engaged in national defense. The names of a 
few of them are listed here. Our congratula- 
tions to all for a job well done. 



THE RALPH M. PARSONS COMPANY 


(NeiNCtRS-CONSmuCTORS 
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tions Btimcli. Bomber Operations 
Br.ineli, and Cargo and Miscellaneous 
Braiicli (niiicli also tests Anny planes). 

Technical Scniccs Disision br.niclics 
include Powerplant. nliicli .maKtieally 
cs'.iluatcs engines insolvcd in test pro- 
grams; .Armament; Photograpliv; Ex- 
perimental 'I'tack Branch, whicli tests 
components and systems on a high 
speed track. 

In Tcelinical l-'acilitics Dir ision arc 
branches on Instnnnciitation; Data Re- 
duction; T'elcmetcrin| l•'ucilities. lian- 
dling this operation tor both .AI'TTC 
and contractors working at the center; 
Space Positioning Range, whicli tracks 
uhicic's path and position tlironghmit 
sanoiis test flights. 

Powerplant Branch 

Powerpkmt Branch'.s main building 
of -12.000 sq, ft. has 10 bays for engine 
work plus a mnehinc shop and stands 
capable of completely testing any en- 
gine accessors' or component, llic 
branch ordinarily takes a powerplant 
invohed in a test program, works it 
oyer, and rctiims it to tlic same air- 

•Also recording data on test aircraft 
is the Space Positioning Branch’s Proj- 
ect Range. Instrunieirtation includes 
•Askania c-.micr.is, theodolites, a master 
target acquisition and control svstcni 
and a precise electronic timing ssstcin. 

Mission of the Air horcc Flight Test 
School is to turn out |)iIots fully cajjable 
of assessing weapon systems in Phase 
VI testing and of firing the unusii.il 
experimental series of test sehiclcs. 

School teaches the photo panel 
method of data collection which util- 
ises Recordaks for framc-br-fr.imc as- 
sessments. As the center converts to 
airborne magnetic tape data recording, 
school is shifting its training accord- 
ingly. The 60 graduates of tlic four 
classes a year may stay at Kdwards. l>e 
assigned to another .'\RDC center, go 
to the .\ir Materiel Command or the 
Air Proving Ground Command, or be 
assigned to any other slot in the Air 
t'orec wlictc their training and back- 
ground are needed. 

AFFTC's Rocket Engine -I’cst Lab- 
oratory. where first sub-systems and 
components and later complete ICBM'. 
and IRBMs undergo captive flight 
tests, is loe.itcd on Leulianian Ridge 
across the lake from the main Edwards 

riirce test stands arc now being 
operated bv North American ,A\iatioii. 
Inc., Convair Division of General 
Dynamics Corp.. and Douglas .Aircraft 
Co,, using powcrplants for the rocket- 
Ijiwstcd Nasaho cruise missile, .Atlas 
ICBM and Thor IRBM. 

l''our more test stand pjickages, three 
missile assembly buildings, and addi- 
tional wiitchousc storage facilities are 
being built or ate planned. ■ 



Kentucky WjLdage of 650 MPH? 

“Kentucky windage’ is fine for an oldtime squirrel shooter at 
60 yards. But how do you compute cross-wind allowance for high- 
speed jets aiming at fast-moving flank targets? 

The compilation of firing tables required for cross-wind cannon 
firing is typical of the complex problems facing modem weaponeers. 

The special abilities of Thieblot Aircraft Company, a division of 
Vitro Corporation of America, in designing and manufacturing 
aircraft components and ordnance have made it a key member of 
the Army-Air Force team working on this difficult ballistics problem. 

Thieblot’s contribution was the design of a new baUistics data 
nose. Only a foot longer than conventional fighter noses, it carries 
a 20 mm. cannon with mount independent of the aircraft motion, 
four high-speed cameras, radar, and electronic equipment. With 
auxiliary ground controls this equipment “fixes’* projectiles in time 
and space. This leads to greater protection for bombers and other 
combat aircraft through more accurate Sank fire. 

Thieblot Aircraft has also designed purge mat systems for jet 
trainers, a boundary layer control system, a nose-wheel steering 
mechanism, an inflight refueling unit, an escape reel for ditched 
aircraft and other equipment. 

Like other divisions of Vitro, which specialize in atomic energy, 
weapons systems, extractive metailurgy and other advanced tech- 
nologies of our new age, Thieblot makes tomorrow’s technology 
available today. 


IVrircfor informalioii lo THIEBtOI AIRCRAFT COMPANY, Manimburg, W. Va. 
A Division of 
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A leading aircraft manufacturer has used S.S. White flexible shafts for many 
years to transmit control between this graduated dial and aircraft thermostat- 
Hc flnds that under any kind of temperature conditions, there is no measurable 
variation in torque to turn the shaft, or in torsional deflection required to ' 
initiate cam movement over the temperature range! 

This ability to withstand temperature extremes is only one of the many remote ! 
control and power drive advantages industry has discovered in S.S. White 
flexible shafts. Perhaps they can help you to simplify control or product design 
. , . cut your production costs . , . speed assembly. These quality shafts range , 

from small to large sizes, and up to 12 feet in length. The assistance of our t 

engineering staff in helping you work out a flexible shaft application for your | 
product is yours for the asking. Just write to 
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USAF Sponsors Exploratory Research 


Washington— USAF’s efforts to 
possible ahead of the need for it arc 
of Scientific Research. 

USAF sponsors sci\ iittk research 
tliiit could l)e called biisic. iincstiga- 
tiims done nitli no particular goal in 
mind arc left largcK to others, while 
•Air I'orcc conccnttiiles on «ork aimed 
at gathering data that appears to have 
M.mc application to concepts oi weapon 
systems of the future. 

Mission of .M'OSiR is to initiate and 
siipcrsisc this exploratory research. 'Hic 
fast pace of technological advancement 
in wcapoiirv during the p,ist 1 s years 
means that no disci|Jlinc of science is 
outside .AFOSR's scope of interest. It 
also means that nnicli of the tcscarcli 
work sponsored by .Ak'OSR is quite 
fimdainciital, cten tliougli it still must 
be directed as nearly as possible toward 
USAl''s needs. 

AI''()SR lias ncitlicr tlic funds nor 
the mission to do dcs’ciopinent work. 
Instead it must take ptoniisiiig research 
results and present their |x)tcntiahtics 
111 such a wai tliat other .Air lAcscarcli 
and Dciclopmcnt Command centers, 
with the task of doing and supervising 
dcsclopmcnt-will earn' on the work. 

As carlv as 19il, when rcscarcli and 
ilc'clopincnl was placed under a sep- 
arate coimnand. Air l''orcc recognized 
that cxploT.itory rescarcli was essential 
if a qualitatii'c lead in weapon systems 

More tecciitli, however, this ad- 
saoced rcscarcli lias been given an even 
greater emphasis as Inpcrsonic speeds of 
missiles and the approaching hi'iiersniuc 
flight of manned aircraft have made it 
forcibis' clear that application is fast 
mitninning discover!'. 

Tins increased cinpliasis has meant 
chiiiigcs for .Ah'OSRi 

• KIcvatioii to center status in nhd-195s 
after scscral vears of being shifted 
.iroiind the Ait Research and Develop- 
ment Command organization table like 

• Contiinicd, altlioogli icry gradual, 
gronlh in staff and budget. 

From a budget of SH million in 
Fiscal 19s6— first scar of operation as 
a ccntcr-AFOSR went to S16.A million 
in l'‘iscal '57 and is expected to enn- 
tinne at about that Icscl in Fiscal '58. 

I'roin US.Ak's point of siew these 
funds ate wisely imested. for two basic 
reasons: 

• Almost every dollar spent b\ Ak'OSR 
goes for rcscarcli contracts. Operating 
budget is small. Staff lias grown sloivly 
from 115 in Fiscal '56 to 119 in Fiscal 
'57. It is expected to stay about the 
same in the coming fiscal vear. 

• Dollars spent at this end of the rc- 
scarcli and dciclopmcnt spectrum can 
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acquire scientific knowledge as far as 
; spearheaded by the Air F'orcc Office 

mean millions saved later on, by hc1)dng 
to assure success of weapon sisteins. 
Comparing the SS million fly-away cost 
of a B-52 bomber to .AF'OSR's yvarh 
budget illustrates tlic lo'i' rclatiic cost 
of this ti'pc of rcscarcli. 

k'niids spent on this exploratory re- 
search also arc spent in a reasonable 
gamble that sonic of tlicm will pay off 
vith major technological breakthroughs. 


Sii|)porting research is not AFOSR's 
only task, hoiievcr. It must bo aivate 
of the are.is in wliich research is needed 
to support present and future US.A!- 
objcctiies, and it must try to know 
the ultimate value of rcscarcli findings 
as soon as tlicy are presented- 

F'cmial mission assigned bv Air Forte 
and ARDC arc; 

• Plan, initiate and manage an cxjilora- 
tory research ptogtani "to proi'idc iiciv 
scientific knowledge" that may tesiiU 
in ‘'significant iiciv concepts of air war- 
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only PAINT-GRIPPING, CORROSION-RESISTING TURCOAT 4178 offers you all ffiese plus valves' 


smearing immediately upon withdrawal from pi 
ing. Parts can be handled freely while still wet w 


mas Mlt-«.S541-Used by aluminum fabricators the 

involving aviation, building parts, household appli- 
anMS, luggage, omamimtal aluminum, ahimininn foil. 


lASY TO OSS— Applied by spray, dip or hand methods. 
Requires no heating. ..no electric current. Easily con- 
trolled by mere pH adjustment- 

UNirORM-N'o light tell-tale untreated sections around 
welds, corners or holes. 

TCONOMICAL— Used at low concentrations. Extremely 
long-lived. Will accept tremendous contamination . 
without loss in efficiency'. 


COIORS-Availablc in gold iridescent or natural alu- 
minum. 


FRTC SHOWING-TRAINING MOVIEI 
“ALUMINUM FINISHING" 






WRITE FOR TECHNICAL DATA.. .FREE! 4 pages full of tech- 
nical information on Turcoat 4178, the quick-fixing 
aluminum conversion coating. Write for your free 
copy, without obligation . . . lodaij/ 
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fare and steady improvcmciit of aerial 
weapon systems and their use in air 

• Recognize the ini|)lications and pos- 
sible application of scientific advances. 

• Recommend to ARDC’.s conimandei, 
Lt. Ceil. 'Ihomas S. Pimct. policies 
and procedures that will cnc(mra|c and 
stimulate research and "enhance rela- 
tions with the scientific coinnnmiti." 

This last duty is one of flic office's 
most iin|>ortant. Both in fulfilling this 
and in day-to-da\' nianagcincnt of its re- 
scarclt program, AFOSR is a translator 
and comniimicatur between Air hotcc 
and science, and among scicnti.sts tliem- 

lii its role as communicator, Ah'OSR 
contributes to .CROC's long-range plan- 
ning and plays an iinixirtant part in the 
all-importimt scientific svniposia spon- 
sored by flic command. 

Piiblication.s. .scientific meetings, fre- 
quent I'isits to uniicrsity and iiidustrs' 
contracttirs, and the Rcscatch Informa- 
tion Office’s trend reports and other 
efforts all proiidc channels for making 
Air h'orce rcscarcli needs knoun and 
for finding the tcscarclicrs to fill tliciii. 
Seven Interest Areas 

Rather than divide its present and 
fiitutc work into general USAh' require- 
nicnts or woapoii-systciii concept.s. 
Al’OSR otganircs scientific interests 
into scicii broad areas that will remain 
the same while specific )iicccs of hard- 

■ Atmospheric flight. 

• Extra-atmospheric fliglit. 

• Detection and identification. 

• Coitiiminication and control. 

• Information handling and analvsis- 

• Target reduction. 

• Human effectiveness. 

AFOSR's four main scientific di- 
rectorates arc broken down similarly to 
the classical divisions of tlie sciences at 
a university . Tliis eases orgiinixatioiial 
and communications problems in deal- 
ing with univcr.sitie.s. These ate: 

• Directorate of Bio-Sciences, with an 
Acronicdieal Diiisiim and a Behavior, il 
Sciences Diiision (including social and 
psychological sciences). 

• Directorate of Aero Sciences, with 
Mechanics, Mathcinatics and Coinbus- 

• Directorate of Piiysical Scicnees, with 
Physics and Nude.it Physics diiisions. 

• Directorate of Material Sciences, with 
Chemistry and Solid State Sciences. 

'Die former Office for Adianctd 
Studies at Pasadena, Calif., has been 
made a Directorate of Adi'anced Stud- 
ies, It has a very small staff-eight at 
present— and its job is what the name 
implies— adiaiiccd thinking and theo- 
retical investigation in the sc'cn areas 
of scientific interest. 

In addition to engaging in adianccd 


BELLOFRAM 

DIAPHRAGM SEALS 


V CERTIFICATION — The BELLOFRAM corporation will 
now give every last one of your BELLOFRAM Diaphragm Seals uncondi- 
tional job performance CERTIFICATION, provided seal materials used 
are in accord.ance with the recommendations of BELLOFRAM's own 
engineers. TAis new policy is o radical dtxialion from the usual, no-guarantee 

V REQUIREMENTS — If you give BELLOFRAM complete 
seal function data such as fluids in contact, minimum and maximum oper- 
ating pressure, proof pressure, burst pressure, operating temperature, tem- 
perature time factors, cycle life requirements; and whether cycles modulate 
or are full stroke, etc. , , . and allow BELLOFRAM engineers to specify 
materials to be used . . . BELLOFRAM will CERTIFY that every seal 
produced will fully meet your steted requirements. 

I PERFORMANCE TESTED - Every lot of BELLO- 

^ FRAM Diaphragm Seals, so certified, will be subjected to a rigid testing 
' procedure, and each shipment will include a Data Sheet showing the actual 
test figures on the seals compared with vour own specifications. 

BELLOFRAM seal specification ranges for design data : 

Diameters 37S" to 6" 

Strokes .100" to 11" 

Working Temperatures — llO'F to 500°F 

Proof Pressures Up to 1000 p.s.i. 

Materials To suit your requirements 


"Aircraft quality” BELLOFRAM Diaphragm Seals, when certified, can 
give added service life and superior performance at no extra cost. We will 
be glad to quote on your needs. For further information, write to; 





9145 S. Troy St. 318 E. 19th St. 

Evergreen Park, lU. New York 3, N. Y. 
Prescott 9-6565 Oregon 4-1722 


811 Cory Drive 
Inglewood, Calif. 
Oregon 8-8872 
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ASSIGNMENT 

MISSILE 


Witlislanding lorliire is a specially of Packard 
Bell's Do|)pler Vclocily and Posilion indicalor 
(DOVAP), designed and developed for an 
inler-conlincnipl missile (classified). In proto- 
type environmental tests, this high powered 
Doppler Transponder was subjected to tempera- 
ture, shock and vibration beyond the extremes 
e.xpected in flight ... beyond the extremes 
called for in specifications. 

RESl'LT : Reliable signal and continuous trans- 
mission for an incredible life span. 


DESIGN beyond the expected 

The DOV.-VP prototype (abc 


PACKAGING beyond the expected 


PERFORMANCE beyond the expect 

Where momentary loss ol sign 
means the end of usefulness. DOV/ 


Engineering 
Beyond the 
Expected... 


PACKARD BELL ELECTRONICS 

TECHNICAL PRODUCTS DIVISION 
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studies, the directorate takes results of 
rcsc-.irch sponsored by the science divi- 
sions and considers tlicni in the light 
of USAF's scientific needs and require- 
nients to determine feasibility and ptac- 
ticabiiitv of encouraging further tc- 
search or dcvclopnicnt of the ideas. 

The directorate engages consultants 
when ncccssiiry. and iias its own eon- 
tiact program. 

Its dir isiems and the areas on which 
tiicy concentrate are; 

• Systems Division, .\tmosplieric and 
extra-atmospheric flight. 

• Military Sciences Division. Strategic 
and tactical possibilities. 

• Techniques Disisiou. Detection, 
idaitification, communication and con- 
trol, etc. 

Ion Behavior, Free Radicals 

Kxamplcs of the type of research 
that the directorate’s studies mav lead 
to arc current AFOSR imestigations of 
llic bchasior of free radicals and ions. 
Both programs, now administered Iry 
tiic .Aero Sciences Directorate’s Com- 
biistio)! Dynamics Division, began witli 
exploration bi' tlic Pasadena olhcc. and 
butli arc being done in the hope that 
the use of free radicals in fuels and the 

be feasible. Afore contr.icts for ion bc- 
liavior rcsearcb prolr.ibly will be let in 
the coming fiscal year. 

fn addition to tlic science directo- 
r.itcs, AFOSR has a researcli Informa- 
tion Directorate, witli Liaison and 
.Analysis, Presentation and Technic.i) 
Information and Intelligence divisions; 
and a Procurement Directorate, broken 
down into dis’isions on industrial con- 
tracts. university contracts, promrement 
services and price analysis. This di- 
rectorate also has a procurement review 

Gen. Gregory also has a Chief of 
Seiciitific Research and an Assistant 
for Medical Research. 

Most of AI''OSR’s work now is witli 
individual investigators, most of whom 
arc connected with universities or re- 
search institutes- Contracting witli in- 
dustry is increasing as industry’s efforts 
in exploratory research areas increase, 
and -AFOSR encourages tliis widening 
industry participation. 

Projccts now number about 625- 
I''c«cr tlian 10% ate with industrial 
organizations, although sonic of tliosc 
listed for individuals ate with employes 
of industrial firms. Average contract 
runs about 550,000. 

In its attempts to broaden industev's 
participation in Ciirly research, the office 
luis been asking companies to share re- 
search costs of Ah'OSR projects on a 
reasonable basis. 

Brig. Gen. H. K. Gregory, .AFOSR 
commander, savs cooperation lias been 
excellent. ■ 



Air Force Infrared 
Measuring Program 


During September 1956, the Air Force conducted an Infrared 
Measuring Program (IRMP) atop Pikes Peak, Colorado to ob- 
tain much-needed information on infrared radiation of back- 
grounds and targets.* For this critical pioneering study, the 
majority of the participating groups selected Barnes infrared 
measuring equipment. 

Barnes equipment used in this program included Infrared 
Radiometers. OptiTherm" Far Infrared Cameras and low and 
high temperature Infrared Reference Sources. All of these 
operated perfectly under severe environmental conditions at 
14,000 ft. and — lO^'C. Barnes Engineering is the only com- 
mercial source for completely integrated radiation detecting 
and measuring instruments of this kind. 

Tlie standard line of proven field and laboratory infrared 
equipment offered by Barnes includes; 

Infrared Radiation Measuring Equipment 
Infrared Radiation Sources 
Thermistor Infrared Detectors 
Building Blocks for Infrared Systems 
iThe Infrared group at Barnes Engineering has made significant 
contributions to the technology and science of infrared radia- 
tion detection. Their background and experience are at your 
disposal— for design and development as well as engineering 
field services. 

Your inquiries will be given our immediate attention. 



'The summer issue of Bames "Techniques" will report on IRMP 
and thermal photography. Ask to be put on our complimentary 
mailing list— on your letterhead, please. 
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New USS 12 MoV martensitic 
to an uitimate tensiie strength 


Typical Performance Data: 



Average elevated temperatures tensile properties of 0.10-ttilck USS 12 MoV 
previously heat-treated for IS minutes at 1S50° F. and tempered as indicated. 





UNITED 


STEEL 


12d 


STATES 


steei can be heat-treated 
of 240 , 000 psi . . . 


230,000 psi guaranteed at room temperature! 

In the development of special steels for aircraft use. United States Steel 
has concentrated on martensitic structures— because they are capable 
of attaining the highest tensile strength for a given amount of ductility. 

USS 12 MoV (Type 422 modified) is one of the most promising 
steels to result from this program. It can he heat-treated to develop a 
nomin.il ulb'mate tensile strength of 240,000 psi. Guaranteed minimum 
tensile strength al room temperature is 230,000 psi. 


Recommended Heal Trealmenl: 



3. Air.„ol, 


Physical Constants: 


Corrosion 


Properties: 





lly: 




Chei 




Mechanical 


Properties — 



USS J2 MoV ‘s typical tinited Stales Steel 
research and development efforts to produce 
aircraft steels of high strength which will main- 
tain this high strength at elevated tempera- 
tures along with good corrosion resistance 
properties. Other special steels for aircraft be- 
ing developed or manufactured by United 
States Steel include USS Tenelon Stainless 
Steel. USS Strux. USS "T-1” Steel, 4130 and 
4330. 

Watch for further data on these steels in 
future United States Steel advertisements. 


USS Special Aircraft Steels 

USS TEWELON and "T-r' are regiMereU tradomaiks 




UNITED 



Career News for Engineers! 

Flight Tests are under way on one of 
America’s most important defense projects: 


The Navaho Strategic Missile 



The results are secret— but this much can be told. A lest 
vehicle designated the X-10 has gathered new aerody- 
namic and electronic information which will help to 
speed progres.s on the SM-64 Intercontinental Strategic 
Guided Missile, 

The opportunity — and the privilege — to implement this 
revolutionary data is yours. 



1952 with a HeiVined 
North American as a junior en- 
gineer the same year. Seven 

to aerodynamics engineer for 
the Navaho missile progrem. He 
was appointed Supervisor, Sta- 
bility and Control Unit in Octo- 
ber of last year. With the help 
of North American’s Educational 
tiefund Plan, he received his 
MSAE from USC. Bill and his 
wife are hi-fi enthusiasts and 
have a sound system built into 
their Whittier, California home. 


If you accept this challenge 
you’ll be solving tomorrow’s 
problems — today. Here facts 
are collected fresh daily. If 
yesterday’s yield proves incon- 
clusive you'll approach the 
problem from a new direction. 
You’ll travel new paths and de- 
velop new inventiveness. And 
you'll be guided to each break- 
through by the world's best- 
informed missile authorities — 
your own associales- 
One example of the new 
hardware evolving from this 
creative engineering effort is a 
fully transistorized electronic 
commutator. This instrument 
increases the information- 
relaying capabilities of the mis- 
sile’s telemetering system by 
commutating 27 outputs at 
speeds of approximately 100 
cycles per second. It was de- 


veloped by the Flight Test Instrumentation Group. 

North American’s Missile Development Division is a major 
ctiviiy— and a pioneer in the field- As far 


back as 1948 its first le 



DIE C. BJORN has lived avia- 
tion all of his life. As a high 
school boy he built a glider 
modeled after the Wright Bros.’ 
first flying machine— flew It 
from ski jumps near his Utah 
home. He studied engineering 
at Utah State end earned his 
6SUE degree from the U of 
Wyoming. Lyle joined North 
American in 1951 and is now 
Group Leader, Field Test Opera- 
tions at the Missile Test Facil- 
ity, Patrick Air force Base, 
Florida. He lives with his wife 
and three children near Cape 
Canaveral where he Is an active 


s fired from 
a launching platform. Today 
North American has complete 
weapons system responsibility 
for the Navaho — and its test 
program is being conducted at 
the Air Force’s long-range 
missile proving ground which 
stretches more than 5000 miles 
across the Caribbean and far 
into the South Atlantic. 

If this sounds like the kind 
of career-opportunity you’ve 
been looking for — write us 
today. We pi 


'ou a work- 
lulates per- 
sonal growth and rewards it 
with responsibility, profes- 
sional recognition and material 
benefits limited only by your 
own ability. Further, you can 
continue to grow academically 
with the aid of our Educational 
Refund Plan-and some of Ihe 
nation’s finest universities are 

Let us know what kind of creative engineering interests you- 
(Pleasc include highlights of your education and experience). 


CONTACT: Mr. R. L. Cunningham, Engineering Personnel Manager, Dept. 495- W-6 
Missile Development Division, 12214 Lakewood Blvd., Downey, California. 

NORTH AMERICAN AVIATION, INC. ^ 
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Navy Believes Cost of R&D Can Be Cut 


»» aslimgton— Rcscarcli and dcvdopincnt acti\-itv in tliis ctnnilrv ttill 


change drasticallv within the next few 
before Congress. 

Ri.sing costs, increasing toniplexitv. 
and e'Cr-wideinng avenues of pnssihle 
approach to weapon sLstcnis Inn c stirred 
deep contem among Nas\ ofRcials as 
to the economic feasibility of pursuing 
a ■'coscr-tlic-wliolc-ficld " research and 
dcsclopincnt policy. 

Slowdown in Progress 

In the recent past, talk of sating 
money by taking calculated risks n ith 
the defense effort would lune aroused 
strong dissent from mam members of 
the Congress. But top Nast officers, 
appearing rcecntly before tlie House 
Appropriations Committee to tcstifv on 
the h'iscal !9sS budget, predicted a 
slowdow n in technical progress due to a 
lack of inonet . and drew no immediate 
reply from the legislators. 

The various N’avt bureaus |jrcsentcd 
requests which alreadv had been snb- 
stantiallv reduced bv higher Natal au- 
thority and the Administration. Nut 
bureau chiefs also testified that they 
cimcLitrcd with the fund slashes— and 
flic tinderlviiig toncern of ct ert officer 
who testified seemed to be the need for 
cctmomy. All of this brought no real 
objcxition from the House committee. 
Navy Attitude on Costs 

This general Navv attitude e,m not 
be written off ns aeqihcsccnce to an eeoii- 
omy-inindcd Congress and -Vdministr.i- 

It is one of the first official mani- 
festations of a N'a\> belief that 
scientific, engineering, and nianngeri.il 
skill and experience now arc snfiieient 
that the scope of research and elcTclop- 
nicnt actis itv tan he sclcetivelv reduLtd 
without endangering the eonntrs'.s de- 


years according to Na\s testimony 

Navy's altitude is best sumniari/cd 
in the.se excerpts from the he.irhigs: 

• Carri.soii Norton. .\*sisfnnt Seeretan 
for Air: '"Hic increased cost and com- 
plexities of the new wenpoii svsteins 
make it maiukitors that we choose more 
earefniiv than ever before, ^^’c can no 
longer de'ckip nt-arh exerything rliat 
looks promising." 

• Vice Adm, W, V, Oavis, )r., Peput) 
Chief of Nasal Operations for Air. in 
leponse to a question eoneerning the 
future lesel of missile nnd nircraft |)ro- 
eiirement: "We see a definite trend to- 
w.ird re'.idiing a sort of plateau in speed 
and perforin.nice. as vou run out of 
usable human directctl speeds. The 
guided niijsile will undoubtedly rc|jlaee 
a lot of interceptor ts)sc aircraft. 'I'lic 
tremendous tcelimilogic-.il achances 
since the war, due to the scmi-cold-war 
status we arc in, has brought on this 
terrific increase, but that is limiiid in 
iin judgment, to taper off in a serv 
few years to n coiisider.ible extent. It 
w ill be forced bs inmies . if for no other 

• Rear ,\din. Rawson Bennett, Chief 
cl Nav-il Research and head of the 
Office of Naval Research, told the Con- 
gressmen that the 195S research and 
development program was tlic most 
austere the Naw had ever present.d. 
He further explained that this anstcritv 
was not rc-adilv disceinible. since the 
ammmt of monev his office was rce]Uest- 
ing was not suhstantialK different From 
the 'car before. 

"There arc basicallv two reasons for 
no rednction in fmidiiig requests," Adm. 
Bennett s,iid. "kiist. the amount of 
resenreh and development which cnii be 
bought for a dollar: 'ccoiid. the com- 
plex and iiilicrentiv expensive ch.iractir 
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HIGH ALTITUDE sq»tation test filing for ^';JnglUlrd satellite vehicle. Program is managed by Naval Research Labmatorv'. 


of tlic work wliicli we must now do.” 

Adiii. Ikniictt recently has made scs- 
cral st.itcincnts reflecting his anxich' 
user the rapidly increasing costs of re- 
search and dcs'clopnicnt. lie feels it is 
evscniiallv a joint inilitarv-indnstry rc- 
‘.[Kinsibi'ity to teditee costs, and that 
the problem is foniplicatcd b\ the fact 
that there is a whole generation of en- 
gineers in rclatiscly high pnsitioii.s who 
have nes'cr known anything but a cost- 

Adni. Bennett bclics’cs these men 
and their snhrrrdinatc.s must a|)prnach 
their products and services with more 
Ilf a eoinmcreial r iew, for economv de- 
pi nds to a great extent on their efforts 
.nid good judgment. 

Perhaps the .inswcr to significant cost 
reductions is expressed in one of .Adm. 
Iknnett's speeches; . . AVe must all 
do better in a judgment area which is 


somesshat alien to the .American view. 
W'e must do better at deciding when 
something is good enough for the job. 

'AA'e cannot go on foteset gilding 
the lily, polishing the chrome, demand- 
ing tlic best, the latest, regardless of 
the cost when somewhat less will do 
the job adcqiiatch-- We do not know 
whether it is bv' intent or neccssitv. 
but oiir Russian friends do pretty well 
at producing things which are good 
enough." 

Intelligent Selectivity 

iN'asi officials spelled out in consid- 
eiablc detail for the House Committee 
its method of selecting the best rcsc;irch 
projects for extensise work. This 
nictliod depends primarih' on sescral 
eommittccs of |5tomincnf scientists and 
engineers whose parent group is the 
N'asal Research Ads isory Committee. 


This committee has existed since 
19-16 hnt its responsibilities and actisi- 
tics base broadened considerably in the 
|)ast few se-ar.s. Its siih-eommitfees cur- 
rently adsise ncark escry top Nas-y 
official concerning long-range planning 
problems and technieaf decisions. 

Nasy feels, accordings to .\sst. Scc- 
retan' Norton, that its long-range plan- 
ning abilits' has increased significantly 
through the efforts of these cominit- 

The project NOBSk.S committee is 
;i good example of the composition of 
one of these special committees and 
the areas of Nasal actisity that they 
res'icw. Nasy personnel and scientists 
on the NOliSK.A ptnjcct were assisted 
by the National .Academy of Sciences 
and N.itional Research Council in con- 
ducting .1 study of undersea warfare. 

'Iliis group of about 6(1 people put 
in about three months of intensisc re- 
view of the Navi programs in that 
area and made lecomniendations for 
Ihc future. 

Inevitable Disagreement 

•Any public discussion oiet choosing 
of a single solution to .i weapons rc- 
ciiiircmeiit while abandoniiig all others 
early in the dci'chipinent period has 
always led to disagreement. 

Navy's apparent trend toward dccid- 


Navy Research and Development 


extremely long development time rc- 

S uired by modern weapons meant that 
le early and possibly decisive phases of 
any future war would he fought prima- 
rily with amis deiclo|)cd during the 
decade prior to that war. 

Sccond, the Western European scien- 
tific comniuniti’ which provided most 
of the biisic knowledge used in U.S. 
wcapon design before 19-10, was all hut 
obliterated and its product largely con- 
sumed during the war. It is onli- now 
making a large-scale comeback. 

Those two facts made it clc.ii that 
positive action on the Navy’s part was 
iicecssary if the center of scientific en- 
deavor was to shift to the U.S.. and 
the naval weapons of 10 and 20 icars 
after the war were going to be superior 

Navy then led the way among the 
senates in large-scale financial supjiort 
of basic scientific rcsc;trch. The com- 
bined outlay of money ha.s made it pos- 
sible for scientists in this coimtn- to 
stiv in the forefront in almost C'Cty 
field. 


ins on a weapon even before a dc- 
iclopinent jicriod is cert.iin to arouse 
disenssioii, eien tiunigli it is Niscd on 
the )>cst available judgment and is 
inirsiied in the interest of a stable 
economv. 

Nan's firm belief in this economy 
appfoach is charactcri/cd bv Rear .\dm. 
William Schocch, .A.ssistant Chief of 
the Bureau of .Aetonaiities for Resc.irch 
and Ikiclopment, whose original rc- 
ijiiest for funds was cut bi inote ^lian 
27'/. licforc it even re.ichcd the Con- 
gic.w, 

•Adm. Sdiiiceli feels tli.it his office 
h.is 1>ecn allowed enough niimci to 
cariy on its rcalh csscnlial projects, and 
that nothing iieccs.san is being iieg- 
loetctl. lie also h.is exisrosed the be- 
lief that it is ii.ifiital for people engaged 
in rest-arch and dcixhipment to want 
mure money to pursue a wider i ariety of 
projects. 

'I hcre is a meeting ground between 
what is iieccssari <md what is coneciv- 
ahle, and ,\dni. Schoecli feels that his 
final monetan request to Congress 
readies that meeting ground. 

Niiiy was the first sen ice to create a 
sc|xirafc agcnci to maiirtain clo.se liai- 
son with and pruiide fiiiiiiicial .support 
for sciciitifie rescardi. 

I bis agency, the Office of Nai-a! Re- 
scardi, was created in 1946 and the 


success of its operation is reflected in 
its growth and its cinulatirm bv other 
military dc|xirtiiiciits. 

ONR is the Navv’s instrument to 
insure that there is a constant expan- 
sion of basic scientific know ledge, which 
the Naiy views as the onlv guarantee 
of continuing improvement and growth 
of Nav;il weapons. 

ONR achieves this by supporting 
basic resc.irch through contracts with 
uniicrsitic.s, industrial laboratories, and 
Naval facilities. It also coordiiiates the 
research and deielopmcnt programs 
within the Naii Department to preicnt 
<>scrla|)piiig work and to |)roi idc a con- 
centrated, coherent program. 

Why ONR Was Created 

I wo factors grim ing out of World 
War 11 were paramount in the Navi's 
decision to create ONR. l-’irst, the 


Coordinate Programs 

'Ibis broad foundation of basic 
knowledge is the beginning point in 
the dcicliipnient of all weapons sys- 
tems. Deielopmcnt programs ate 
initiated by the larious Navy bureaus, 
and the ONR coordinates them to pre- 
vent dnpliwtion and to adi’isc on feas- 
ibility. 

'Ihcorctie.illv an ideal management 
svsiem for clciclopnicnt projects, it 
allows a maximum iutcrcliangc of ideas, 
and kec|5S the jicople tesponsihic for 
basic work fiiiniliar with development 
problems so that their effort may be 
imirc intelligently directed to ueible 
form. 

But it also is a difficult system to 
keep practicalli efficient, as it inio'vcs 
mam officers and somewhat .separated 
icsi>onsibilitics concerning programs 
and their financing. 

Navy rcijorlcd to Congress that it 
would rcacli the intended ideal opera- 
tion of the research and deielopmcnt 
])rogrmn it has planned during the ^icxt 
fiscal ixar. 

ONR has been given cogniaance over 
four main tij>es of operation: the eon- 
tract rcscarcfi program (inainli with 
universities), the Naial Rest-arch l.ab- 
oraton', two special pur|)Ose naia! re- 
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to users of integrating gyros 



AND IF YOUR SYSTEM REQUIRES 
AN INTEGRATING GYROSCOPE... 


It is important that the Gyro be truly integrating. 

The following are a few basic checks that can be simply made to 

determine whether the Gyro is a true integrating Gyroscope. 

I* With Gyro at null, rotate Gyro about its input axis in a positive 
(clockwise) direction approximately 50 milliradians. 

Observe the output voltage and polarity. A true integrating Gyro 
should show a positive output of a magnitude determined by the 
product of the angular displacement in milliradians and its rated 
sensitivity (millivolts /milliradians). 

3 . The output should remain at this reading providing there is no 
further input (either angular xsr command). At this point no drift 
is being taken into consideration. However, all gyros will drift to 
a greater or smaller degree. Observe this drift as to direction and 
magnitude with respect to time. 



4. Repeat the above with a negative (counter clockwise) input of 
approximately 50 milliradians. 

5 . Observe the output voltage and polarity. A true integrating Gyro 
will show a negative output equal to the product of angular dis- 
placement in milliradians and its rated sensitivity (millivolts/ 
milliradians) and hold this output. 

6 . If the Gyro tends to return to null in both of the above conditions, 
it is not a true integrating Gyro. 


If you have made the foregoing checks and wish any further 
information, please call on Greenleaf. It is our sincere desire 
to provide the utmost in service to Integrating Gyroscope users. 

THE 

MANUFACTURING COMPANY 

A DIVISION OF MANDRIL INDUSTRIES, INC. 

7814 Maplewood Induslrial Court, SainI teuit 17, Mis$ouri 
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sCiKtli aiitl dc\cloi)nicnt f.itilitics. nnd 
three contwctor^tpetatcd facilities. 

Special purpose facilities are at the 
Training Dc\ices Center at Sands 
Point, Long Island. N. Y., and the Un- 
deroatcr Sound Reference Uiboratory 
at Orlando, I'la. 

Training Devices Center maintains a 
staff of about 200 scientists, engiiucrs 
and technicians to develop the train- 
ing dcsiccs used throughout the Nivy. 
This group has assumed increased im- 
portance with the ra])idlv changing, and 
extremely complex character of modem 

'I^ieir principiil function is to de- 
velop training dcsiccs, evaluate train- 
ing svitabuscs, and to generally reduce 
training time. 'The group also initiates 
procurement after an- operational 
evaluation of new devices. 

Sound Reference Laboratory 

Sound Reference Laboratorv at 
Orlando luis the double purpose of de- 
veloping new sonar and underwater 
conimunie-ation and detection ei|uip- 
ment and establishing standards by 
which all underwater sound deseloj}- 
ment work in this country may be com- 

An acoustics calibration division and 
an electronic engineering division arc 
the foundation of tliis standardization 
work. 'I’licy ate supported b) the efforts 
of a research division which works in 
ultrasonics and low-frequency sound, 
electronics, and especially transducers. 

Research centers operated hr’ private 
contractors for the Navy under the 


cognizance of ON'R are the .Arctic Re- 
search Laboratory, the Occaitogniphic 
Rescarcli l.aboratory. and the Opera- 
tioirs Research Group. 'The .Vrctic Re- 
search Laboratorv has a priinarv dutv of 
providing basic physical and biological 
information for the design of new cold 


weather weapons, equipurent, clothing. 

Oceanographic Laboratory conducts 
basic research in all of the various 
fields of oceanography. It also is active 
in the developnrcnt of basic findings 
towards useful navitl application.s. 

Operations Research Group assesses 





FOR SHEET METAL FABRICATION 



sscmbli«s include 
ificd fabrication ns tvcll as pro- 

EFFICIENCY: By acquiring this new plant 
e able to concentrate the various types 
three major divisions 

and the faster delivery of customer's assemblies 
from both plants. 

PATTON, OHIO: The Dayton facility, home of 
United Aircraft Products. Inc., since 1929, will 
continue the production of aircraft quality 
heal eschanjers of all types, sheet metal as- 
semblies and mechanical components for the 
control of temperatures and fluid flows. Engi- 


ofllccs al 


^ EXPANDING BUSINESS: This 

icrcs of ground and 90-lhous: 


CAlirORNIA • 


.1 be maintained in 
by United Aircraft 


will rt 

offer this new fa- 
es- The same high 
of quality com- 
- "rrestfacil- 
traft prod- 



Mnce /P29 

UNITED AIRCRAFT PRODUCTS, INC. 

1116 BOLANOER AVENUE, DAYTON, OHIO 
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the changes which sltould be itiatlc in 
naval doctrine, roles, missiotis, tactics, 
etc. in the light of modern technology, 
Noval Research Laboratory 

Naval Research Laboratorv is one of 
the largest federal research and devel- 
opment facilities. Its program etnets 
practically all of the areas of the physi- 
cal sciences that have a nat al interest. 

NRL pursues programs of basic iind 
applied research and also development 
in sound, chemistry, elcctricitv. mctal- 

chaiiics, radio, radar communications, 
and weapons and supporting systems. 

NRL was established in 1923 under 
the influence ot 'I'hoinas A. Kdison, in 
W'ashington. D. C. Today is represents 
a eapital investment of more than S-tO 
million, is spread through 8-1 buildings, 
and employs more tlum 3,000 men and 

Auxiliary facilities arc maintained 
around the Chesapeake Bay and in the 
Panama Canal Zone. \\'ork in the 
Canal Zone primarily concerns tro|jical 
deterioration and exposure. That in 
the Chesapeake Bav arc-a dctils with 
fire control, tracking radar, and optics. 
Great Electronics Effort 

Specific programs arc extremely 
varied and many har e made significant 
contributions to the country's dcfcn.se 
and general svclfarc. Radar desclojj- 
ment, which began in 1922, is perhaps 
the most imporhmt. Todav. electt-.inics 
accounts for about half of the work at 
the laboratory. Fffort is made to im- 
prove components and basic theory as 
well as systems. 

A related project at NRL is in radio 
astronomy which is concerned with the 
study of the strength, direction, and 
variation on r.ulio-Trequcncy emission 
from the sun. moon, and stars. NRL 
has been working in this field since 
1946 and currently has the most inod- 
em and powerful equipment available 
in a 600-in. radio telescope. This NRL 
program is adding substantially to our 
knosviedge of space. 

Racket Work 

The rocket program at NRL has 
been extensive for tlie last 10 rears. 
This program has been priinarih’ for 
the purpose of upper atmospheric re- 
searen. German V-2, Deacon, Acrtilsee 
and Aerobce-in and Viking rockets 
arc among the r'chicles used for this 
research . 

The most advanced portion of the 
program is Project Vanguard, which 
will place the first man-made satellite 
in orbit about the earth. NRL has 
been given teelinical responsibility for 
this project. This encompasses build- 
ing, launching and tracking the satellite 
during its flight. 


AE RONUTKONIC 
SYSTEMS, INC. 

a subsidiary of 


Pol'd Motor Company established Aei onutronic 
Systems, Inc. as a Subsidiary to design, develop 
and manufacture weapons systems, subsystems 
and components for the military and related 
systems for commercial application. 

Research, development, engineering and pro- 
duction activities at Aeronutronic encompass 
product interests within the following fields: 
SYSTEMS 

Operational Analysis Preliminary Design 
Systems Analysis Utilization Studies 
Field Operations 

AERONAUTICS 

Aerodynamics 

Propulsion 

Aeromechanics 

Thermodynamic? 

ELECTRONICS 

Guidance & Control 
Radar 
Telemetry 
Data Links 

COMPOTERS 

Component Development 

Navigation 
Industrial Controls 

NUCLEONICS 4 PHYSICS 
Nuclear 
Theoretical 
Expei'imentat 
Reactor 

Positions are open for scientists, engineers and 
technicians capable of making significant con- 
tributions to advanced systems technology. 


1234 AIR WAY, GLENDALE, CAUFORNIA 
13729 VICTORY BLVD., VAN NUYS, CAUFORNIA 
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provide this flexibility of circuit arrangcmeni, with a «ide variety of products 
having these desirable features: 

• universal or shielded construction, 

• contact arrangements with 1 1 1 to 4.896 holes. 

• contact design to provide dual wiping action with each engagement. 

• unique soldericss taper pin technique for permanent wiring to contacts. 


products for the AVIATION 


The network of electrical and electronic impulses that control, regulate and 



of the thermal, vibration and similar problems imposed by today's faster, 
higher flying aircraft. 


AMP INCORPORATED 
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Air Test Center Speeds Navy’s Missiles 


By Irving Stone 

Ft. Miigii, Calif.— Na\al Air Missile Test Center speeds introduction 
of guided missiles into fleet use by performing a priinatv role in testing and 
evaluating tbc missiles themselves and their related components. 

NAMTC’s extensive complex of ground facilities, laboratories and sea 
range is brought into the picture early— «hcn Navy’s Bureau of Aeronautics 


first contemplates requesting bids for a 

At this point, NAM'l'C sco'cs as con- 
sultant to Bii.Acr and assists in estab- 
lishing specifications- N.AMTC con- 
siders this sers'icc important, bcwnsc it 
brings tlic ft'iitcr in on the ground floor 
and facilitates its later task of evaluat- 
ing the actual liardware. 

BiiAer initially screens bids for enn- 
contr.ictors’ eligibility and for other de- 
tails. NA.M'I'C then reviews tlic selected 
bids in a consulting capacity, iidvising 
Bii.Acr on tlic relative incrit.s of the vari- 
ous missile propos.ils. N.WITC is onh 
one agency BuAcr might consult. 
NAMTC Monitors Development 

After conftiict award. Bii.Act usiuilK 
assigns N.AMTC the responsibility for 
tcclinieal monitoring or control of tlic 
contractor's developmental work. In 
this way NAMTC figuratively look.s over 
the shmildet of tlie contractor as the 
missile progresses through design, fabri- 
cation, and fliglit development. Tlic 
latter is conducted at N.AhfTC or at 
facilities contracted for bv tlic center. 

N.AMTC tisnally supplies support air- 
craft (launching, photographic, chase 
and instninientation planes' and pilots 
to conduct a contractor's requested 
fliglit development. Sometimes the con- 
tractor supplies liis own pilots to flv 
aircraft bailed to him bv Bii.\cr. In tlii's 
ease, an NAMTC observer pilot partici- 
pates in the program. 

For a contractor's flight development 
work— vvliicli precedes demonstration of 
tlic missile and Navv prototvpc and 
tcclinical cvahuifion tests-NANITC also 
supplies office and simp facilities, use 
of the instriiincntcd sea range, daf.i re- 
duction facilities and other necessary 

Regulus and Sparrow Tested 

Under this general arrangement, flight 
dcvclopniciit has been done on such 
missiles as the Chance Vniiglit surfacc- 
to-snrf.ice Regulus I and S|icrrv air-to- 
air Sjiarrow 1. Even though it is as- 
signed to operation with the fleet, 
Regulus I .still is undergoing product 
iniprovcmcnf here. This continued de- 
velopment testing is important for in- 
coriiqrating improv'cmciits into the pro- 

Othcr missiles in various stages of de- 
vcln|)incnt and test under N.AMTC 
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missile to meet a new tcqnireiueiit. 
eogniiaincc inehidc the Regulus II and 
air-to-air and air-to-surfacc missiles. 

Bceanse BiiAer al.so has respoivsibilitv 
for development and lest of target 
drones. N.AMTC's participation in tliis 
Held is .similar to that with missiles. 

Ryan Firebec (KDA-1) was evaluated 
and tested here for Navv use and is novv 
operational with the fleet. Product im- 
provement, devciopinent and evaluation 
on the basic KDA still arc in progress 
at N.\MTC. 

Other targets in various sl.iges of de- 
velopment and test at N.SM'l'C inehidc 
the Beecheraft piston-ixivvcrcd KDB. 
tlic Tenico rockct-povvercrl XK1')T-1 
•ind tlic Radioplanc rocket-powered 
XKD-IR-I. 

Two Types of Testing 

Following contractor's missile or 
drone demonstration, which is in effect, 
the hand-over of the unit to the Nav y, 
N.AMTC takes over the entire testing 


and evaluation program. It conducts two 
types of tests: 

• Ptotnty|)c evaluation. This is an ac- 
celerated simulated fleet eminmment 
test, generally spread over a 60-day 
]>criod. surface-to-siirfacc missile such 
as Regulus would Ik tested in conjunc- 
tion with auxiliary equipment— hmiiclicr, 
giiidanee, elieck-oiit devices, etc. I'or 
an air-to-air missile such as S|>arrow. tlic 
prototype fleet aircraft— including its fire 
control svstem, missile pvlons, etc.— 
would lie iiivolved. 

Fxtrcincs of the tactical operational 
envelope arc checked for feasibility in 
tins aeederated test. This involves fac- 
tors such as maximum and inininiuin 
altitude, speed, deflection angle, and 
range. Decision to enter large scale pro- 
duction frajiicntly is based on results 
of tins aeeekrateei test. 

• Navy tcclinical evaluatiou. Usually 
conducted after tlic accelerated tests, 
tcclinical cvaln.ition is designed to de- 
termine missile system capvibility. This 
involves both flight and laboratory 
trials, including exhaustive siimilator 
studies, and may take approximately a 

Results of the overall evaluation 
should determine the entire operational 
envelope and enviroiinicntal limits of 
the missile svstem. 'niis information 
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would be fed to die fleet for its use in 
refining missile operational doctrine. 

Captive Flights 

Not all fliglit testing under the 
tcclinical evaluation or tlie contractor's 
development testing involves missile 
launching. In the ease of Regulus, a 'I'V- 
2KD jet lias been fitted with the air- 
borne components of the missile system 
to test maneuvers and overall guidance 
svstem functioning. A luiman pilot 
relinquishes control of tlic plane and 
serves onlv as a monitor. 'Iliis form of 
missile guidance simulation niiiiimizcs 
loss of expensive nhs.silcs and test time, 
since one test plane flight can simulate 
several missile runs. 

Ca]itivc-missilc or drone flying also 
is done. The missile is mounted on the 
jiylon of the carrier plane, but not re- 

Whilc the captive-missile is operated, 
instrumentation measures forces, error 
.signals in the guidance system, missile 
response, and internal environments. 
With a high-speed carrier plane mis- 
sile design speed may be met or extra- 
polated. 

Countermeasures Studies 

NAMTC. like otlicr missile evalua- 
tion activities, determines missile sus- 
ceptibility to countcrineasiucs. If 
susceptibility is discovered, the con- 
tractor is required to design a countcr- 
countcrmcasurc. lliis. in effect, is rc- 
Sniiig the system to render it immune 
to the countermeasure. 


NAMTC novv is refitting a Convait 
R4Y as a living comitcnncasurcs labor- 
htory, Douglas F3D Skykniglits and 
patrol aircraft already liave been used 
for this purpose. 

Inertial Guidance Laboratory 

Because it would be inipr.icticnl and 
imccononiieal to obtain entirely from 
flight tests all the information needed 
to evaluate a missile's operation and 
determine its performance character- 
istics, NAMTC makes extensive use of 
ground test facilities to obtain a large 
IKtcentagc of the data rce|uitcd. 

Some of the kev facilities used or 
projected for use in NAMTC laboratory 
evaluation ate; 

• Inertial guidance laboratory. Now in 
tlie planning stage, this facility will be 
used for evaluatiou of inertial guidance 


.systems projected for long-range mis- 
siles. It probably will be in operation 

• Bendix tiuce-axis fliglit simulator and 
associated computer, riiis equipment 
can be used for dynamic testing of auto- 
pilots and other guidance system com- 
ponents. 

Unit under test can be operated in 
any three planes simiiltaiicously, simu- 
lating (Ivnamic conditions which can 
exist during missile flight. 

Output of the tested component can 
be fed into the computer, whose output 
is fed back to the table, creating a 
closed-loop svstem which simulates the 
entire missile system. This equipment 
is part of the functional simulation 
laboratory, which uses non-destructive 

E roccdnrc.v to generate, at a relatively 
nv cost, information pertaining to 
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RADIOPLANE XKD4R-1 locket-powcrcd target drone positioned on pjlon under F)D 
Jikvkjiiglit wiug for captive drone flight tests. 


d\ naiiiic behavior of missile system com- 
ponents. 

■ Catapult-type launching simulator. 
This is used to subject missiles and com- 
ponents to approximately tlic same 
acceleration experienced in normal 
pylon launching. The procedure saves 
the missile and its components, and 
direct wire telemetry can be used for 
extensive instrumentation. 

• Restrained-firing facilities. These may 
be used to test abilitv of a missile to 
withstand the ensironment produced 
by rocket motor burning. During the 
run, the missile is .suspended and re- 
strained by nylon ropes in conjunction 
with an air buffer. Here again, primary 
advantages arc elimination of missile 
expenditure, and use of direct wire 
tciemetrv. 

• Environmental laboratory. Facilities 
arc used to determine effects of shock, 
\ ibration, acceleration, tenipcraturc and 
humidity on guided missiles and their 
components. One piece of equipment 
in this laboratory is a IS-ft. diameter 
centrifuge capable of imposing 200Gs 
on a 35-lb. component, ^\'itll this load, 
the arm can be brought to full speed 
in 30 sec. One use is to simulate steady- 
state acceleration effects of a nrissilc’s 
boost stage on missile coniponents. 

• Cassegraian (optical) infrared collector 
and monochronictcr. Now being used 


here for infrared studies, this van- 
mounted mobile equipment— designed 
and built at NAMTC-was used earlier 
atop Pike's Peak for a 30-day .study of 
infrared spectral energy from sky and 
military target radiation, under all 
weather conditions. Ibis svas done to 
fill a gap in the kiiosskdge of infntred 
sources and their detection. 

• Continuous flow wind tunnel. Oper- 
ated by Unisersity of Southern Cali- 
fornia petsonnei. this facility is used 
for research and dcsclopmciit testing in 
the field of acrodynamics- 

N.^MTC's laboratories also contain 
the usual complement of .shake tables, 
cold chambers, altitude chambers, 
humidity rooms, and electronic test 
equipment. 

Instrumented Sea Range 

For use in all mi.ssilc and drone flight 
testing, including captive-missile checks, 
NAMTC maintains a compictciv in- 
strumented range about 70 mi. wide and 
extending 1 50 mi. to sea from Pt. 
Mugn. 

There arc rivo main instrument loca- 
tions in the sea range-one at Pt. Mugu 
proper, the other on San Nicokis Island, 
approximately 63 mi. off.shore. Each site 
has equipment for ine;i5uriiig missile 
and aircraft (carrier or target) flight 
paths with radar or theodolite. Internal 
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WHEN ACCURACY AND RELIABILITY COUNT MOST! 


New Bendix 20-Channel Glide Slope Receiver 
for Airline and Business Aircraft Features Big 
Performance in a Little Package 

Here’s the latest addition to the Bendix* line of tLS 
Approach Equipment. VVe call it the GS.A-8A Glide Slope 
Receiver. You'll call it just about the most dependable 
instrument of its kind. And here's why: 

The GSA-8A is ail new from circuitry to case. Not just 
a modification or repackaging of old designs. The result 
is a tremendously higher degree of course stability, and 
more accurate, reliable flag alarm information. Weight 
has been reduced considerably, The receiver weighs 114 
Mrs. with AC power supply ... 7 lbs. with IransisloTKcd 
DC power supply. 

The complete unit, including either power supply, is 
housed in a short }4 ATR case. The chassis is mounted 


vertically. Tubes and adjustments arc on one side, circuit 
components and wiring on the other. When the case is 
removed both wiring and tubes arc visible, and access to 
each is easy for routine maintenance. 

For further information write Bendix Radio Division, 


Aviation Electronic Products. 
Or on the West Coast— 10500 
wood, Calif.; Export — Bendix 
International Division, 205 E. 
42nd Street, New York 17, 
N.Y.; Canada — Computing 
Devices of Canada Limited, 
P.O. Box 508, Ottawa, Ont. 


SHCmeSSS: S«ca,»e of our you oic- 



Baltimore 4, Maryland. 
Magnolia Blvd., N. Holly- 



Bendix Radio Division 
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eA'aUv.itccl here in sea-6tiiigs by the 
Norton Stminl. 

For practice firings of the RcguUis I 
from sliipboiird nr Sputross' 1 from 
carricr-bascd aircraft, the Pacific Meet 
frequently uses the range because of its 
extensile instrumentation. 

NAM'I'C operates a Technical Scri-- 
iccs Dc|>nrtnicnt, which maiittaiiis air- 
craft modification shops fur installation 
of special instrumentation, missile con- 
trol equipment, and missile launching 
ptlons. It also operates machine shops, 
metal sho[>s. and other facilities for 
preparation of electronic installations. 

Approximatclv 2,000 civil scrs icc cni- 
ploycc-s arc engaged in N.AM'l'C’.s pro- 


gram. About 300 of these arc engineers 
and scientists. 

'Hic center has about 170 Nasal 
officers, most of them pilots. Some have 
spccialir:cd training in electronics and 
related aeronautical engineering areas. 

Contractor |>crsonnci on the base 
number about l.iOO. including .some 
300 engineers and scientists. 

Commander of NAMTC is Capt. D. 
G. Donaho, and Capt. V. li. Siiucck is 
Director of Tests. The Nasal Air Sta- 
tion, sshich maintains aircraft o|x;ratcd 
bv the center and supplies oicrall 5U|)- 
part scn iccs, is under the command of 
Capt. ]. C. Aldcnnan. Missile ''I'est 
Officer is Cmdr. M. .A. Mason. ■ 


conditions in the missile or target drone 
can be obtained through tekmctcriiig. 

For air-to-air missile tests nlicrc miss- 
distance infonnation is critical, optical 
01 electronic mstruincntatiim is in- 
cluded in tiic target drone for accurate 
measurement. Aliss-distancc ma\' be 
witliin Ictiuil range for a missile that 
normally svoiiUI be equipped witli an 
influence fuse to detonate the missile 
within a specific separation distance 
from tlic target. 

Extensile photographic coverage of 
missile launchings, flights and rccovcir 
also may be obtained. In testing an air- 
to-air-missile, tlic launcli aircraft is fitted 
with a higli-spccd telephoto camera 
pod and is teamed with a siinilarli' 
equipped photographic plane. From this 
film coi’cragc, separation of missile from 
launcher, reaction to wing ]>ositions. and 
data on material failure can Isc obtained. 
By using triangulation and frame matcli- 
ing tccliniqucs. a continuous plot of 
space position also niui’ be obbiiiied. 

Extensive radar installations arc lo- 
cated at NAMTC's flight test control 
building at Laguna Peak, near tlic cen- 
ter: on San Nicolas Island, and on 
leased land at Santa Cruz Island. Radar 
lideo is relayed by microw'aie directly 
to flight test control point, allowing 
obsen’ation of tlic entire sea range for 
safety and control pur|joscs. In additiini. 
aircraft arc used to scatcli the range and 
some are equipped witli 1oHds)Kakcrs to 
contact vessels within the range area. 
Falcon, Tales and Terrier 

NAMTC's range and facilities also arc 
used by Air Force, Navy and Army. 
Because of the relative closeness of 
flughes Aircraft to NAMTC, Air Force 
requested time on the range for the 
Ilughes-dciclopcd air-to-air Falcon. 
NAMTC targets also were used. 

NaiT Bureau of Ordnance's surfaec- 
to-air Tetiicr missile frcqucntli' lias 
been fired in realistic sea trials on the 
NAMTC range by tlie converted sea- 
plane tender Norton Sound. 

BuOrd’s surface-to-air Tulos also was 



r*/«pin«nr sixf Praduetian Servlets ? 

'AV/AT/OM SUAPIY COMkMUr 


PUT HARTWELL TO WORK 

ON YOUR COMPLEX 
MECHANICAL 
COMPONENTS . . . 
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ELECTRO-SNAP. . . ELECTRICAL CONTROLS 


central 

problems? 


ELECTRO-SNAP Engineering has solved many design and 


MERE’S HELP 
we have given 
to others . . . 

we know we 
can help you! 

We’ve been solving complex aircraft problems 
for years with precision-engineered assemblies like those 
shown here. Many of these we now make on a 



this plunger-actuated, multipole 
assembly is installed at the flight 

Douglas' Globemaster. It feathers 
props, closes cowl and oil cooler 
doors, releases extinguishing 
fluid to one or more of six 
comparimems, slops fuel and 
electrical service to fire area. 


production basis were developed as a special 
answer to a specific problem. - 
The design and precision manufacture of reliable 
switches and controls is our only business. If you have a 
control problem, send it to us; our engineers 
will work with you closely in designing an answer — and 
producing it in any quanthy . . . economically. 


SEND US YOUR 
CONTROL PROBLEMS 



FOR AIRCRAFT AND MISSILES 


YOU GET 

•Aoiety 
• iteSiaiilUy 




precision control 

of aircraft landing gear is assured by 
this complete nose gear harness assembly 
which includes Elcciro-Snap hermelics. 


control problems with precision accuracy... 



powering and 
de-powering 

projectiles is dependably 
accomplished with this 
compact, hermetically-sealed 
assembly. Automalic.'illy 
actuated, it can be manually 
overriden. Design utilizes 
E-S rotary hermetic seal. 



rocket safety 
switch 

assures tandem rockets will 
fire in proper sequence. 
Also indicates when rocket 
has been fired. 


fire control switch 

assures proper sequence 
during emergency fire 
conditions. Eliminates pilot 
error by controlling all 
functions when single 
handle is pulled. 


rotary 

release 

switch 





accurately con- 
trols release of fuel 
tanks and other objects from 
aircraft. Positive detent action 
assures finger-tip con- 
trol and dependable performance. 



accurate control 

of landing gear position is accomplished by 
this precision rotary hermetically sealed 
switch. Actuation occurs on either 
side of center within extremely close limits. 



SAFETY THROUGH CONTROLS — OUR ONLY BUSINESS 







NIGHT WARHSAD BURST at Naval Ordnance Test St, it 


NOTS Converts Ideas Into Missiles 


China Lake, Calif.— In a 1.0fX)-sq. mi. comer of the Mojave l^csert. a 
strong and efficient team of scientists, engineers, and militarv coordinators— 
backed by extensive inodcrn facilities— start with an idea and end with an 
operational missile. 

This tccimical team is the backiMtne of the Xai al Ordnance Test Station. 


a Bureau of Ordnance activiti and the 
development center. 

Resell tell, tlcvc'U)]jmcnt and associated 
testing at XO'I'S is directed tmv.ird 
guided missiles and rockets in the air-to- 
air. iiir-to-siirfacc. and Mirfaec-to-air cate- 
gories. and to air-taunched iindera-atcr 
missile configiiiations. I’liis work em- 
bodies tlic systems concept and includes 
development of fire controls, lauiicliers. 
and test equipment. 

Sidewinder, Zuni 
-\nioiig key ordnance items dc\ clo|)ed 
at XOTS under its own programs are; 

• Sidewinder ait-to-air missile. (.^\V 
Mar. 1 1. p. 26). nesclopmciit mcliided 
structure, acrodinamic coiifigtir.ition, 
infrared guidance, rocket motor, pilot 
presentation, aircraft-missile unihilical 
connection, lainiclicr and test devices. 
Sidewinder was developed at XOTS 
under BuOrd eogniicaiiee. Some associ- 


NasT’s largest ordnance research and 

ated items, .sueli as tlic lainiclicr and 
the envelope computer, were developed 
under Bureau of .-kctonaiitics cogiii- 

• Zuni, 5-iii. air-to-siirface rocket, de- 
' clo|)cd as rc|)laccnient tot liigli iclociti 
aircraft rocket. 

• FF;\R 2.75 air-to-air rocket, used bv 
both Xavi and .\ir Force. 

• Various anti-submarine ordnance 

• Various air-Iaunclied toqscdocs. 

• Fire control systems for airborne 
guns and tuckets. Tlicsc svstems liavc 
been perfeeted for XOTS-daclopcd 
wc.ipoiis as well as for those dci elopcd 
bv otiicr scn icc activities. 

As a result of fleet requirements gen- 
cr.itcd by Cliicf of Naval Operations, 
BuOrd may assign a specific jirojcct— 
for cxanijilc a missilc-tu NO l'S cither 


directh. or after a prcliininarv design 
cnnipctition behveen NOl'S and other 

.\ftcr the project has been as.signed 
to XO'I'S. the relevant technical dc- 
iwrtment sucli as Rockets and Missiles 
(RMOl. .•Viatiim Ordnance (AOD). or 
Undenvater Ordn.mec (UOID) is as- 
signed primari cngiiizaiicc. 

.kssimiing tliat the pro|cct is an 
I’ir-to-air missile, RMO will organize 
a team of liiglily trained persnnnel from 
flic W'eaixins Plaiiiiing Group and tlic 
-\|)plicd Resc-.ireh, Fn|inecring. Fxplo- 
siics and l’ro|)clIants and 'lest depart- 
ments. Ihis team will assist RMD in 
design studies which ultimiiteh lead to 
development of a finished prototipc. 

While RMO coordinates work of 
these various activities, it retains direct 
control of the guidance components- It 
also establishes iieccssari' cniitriicts with 
cuiliaii agencies to aid in overall de- 
velopment of guidance and anv otlier 
components in the missile svstem. 

The W't'.ipoiis I’lamiing Group |)ro- 
vidcs system concepts and mathematical 
analy sis from tlic standpoint of system 
pcrfonnancc against specified rcquirc- 
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mc'iits for the missile. Some of the 
details Wcapim.s Flanniii| projects .ire 
intcrreliiti(m.shi])s between missile-air- 
craft compatibiliti and warlie.id size 
requited to achieve desired Ictluilitv for 
s|)ecifie targets. 

Ihc Researeli Departmemt will con- 
tribute mathematical siiiuilation for 
total dynaniics of the missile and 
conduct acrodyininiic studies. Isallistic 
studies and elicmiwi experiments w hicli 
nia\' pros ide advanced tvpes of ptopell- 
aiits to meet a new operational rc- 
quiremen t. 

Facilities aMiilablc to the Rcscardi 
Department and \\'ciipons Planning in- 
clude an analog computer and latest 
models of digital computers. For aero- 
dynamic and ballistic studies. Resc-.iicli 
also has available tlic Thompson Aero- 
ballistics Liboniton', where scale model 
missile configurafiiins are fired from a 
smooth-bore gun past a camera airav 
to obtain data for actodvnainic and 
ballistic coefficients. 'Iliis facilitv in- 
corporates 22 pairs of cameras, spaced 
at 20-ft. intervals to record position and 
orientation of the missile as it is fired 
at speeds as high as M.icli 5. Pictures 
arc obtained at approxiinatelv 5-ft. fliglit 
intervals. 

This frcc-flight firing range is instru- 
mented for -160 ft. Location of missile 
model position can be determined to 
within .002 ft. Coefficients obtained 
include drag, iioniial force, pifcliiiig 
moment, magmis moment, niagniis 
force, yaw damping moment, spin de- 
celeration moment. Missile models up 
to 8-in. fin span have been frcc-flight 
fired ill the laboraton. 

F’or advanced propellant studies, the 
Re.scarch Department has complete 
facilities, including the latest equipment 


for nuclear magnetic resonance, X-Ray 
diffraction, and infrared spectroscopy, 
for gaining insight into detail structure 
of new liquid and solid propellants. 
Rocket Exhaust Studies 
k’.ipcir pli.iso cliromiitogr.ipliv equip- 
ment is used 111 conjuiictioii with mass 
spectrogra|)hs to determine rocket motor 
exliaii.st gas composition mid its rela- 
tionship tn burning efficiency and 
weapon svstem compatibilitv. 

Supporting data wliich ni.n require 
wind tunnel studies arc obtained from 
outside facilities. 

F.iigiiiecriiig IX'partmcnt gets into 


tlie team action as early as jiossible 
to evaluate design details in order to 
insure producibilitv as dcvclopiiiciit 
progresses. One kev job of cnginc-eriiig 

tiuetion without compromising perfonn- 
ance aims. Fiiginccriiig's superv ision in 
this role encompasses mcclianical and 
electrical feature.? of tlie missiles, ma- 
terials, and overall stnieturc. It not 
only evaluates designs on the basis of 
feasible production concepts, but also 
conducts tests on actual hardware that 
niav have been produced in model 
shops or in Kiigmccring’s mamifactiir- 



Flngiiiecriiig Department equipment 
iiichuTcs vibration tables, strength of 
material testers, centrifuges and a high 
altitude chamber for simulating missile 
emiroiinicntal conditions such as ysres- 
sure, temperature, liumiditv and vibra- 
tion. which arc cnccmiitercd in high- 
performance carrici-aircraft operation. 

Fiiginccring Department also lias tc- 
spoiisibiltv for design and development 
of shipping containers and has facilities 
to determine, under d\ mimic conditions, 
abilitv of the container to withstand 
G-loading ex|)ccted in transit. 
High-Production Propellants 

Explosives and Propellant De|),irt- 
meiit deiclops propellant formulations 
and grain configuration for incotpota- 
tion into the missile motor. T'liis work 
involves plasticizing and extruding the 
propellant mass at XOTS' propellant 
pilot plant. 

In tliis basic dcvelopmcvit. cinpliasis 
is placed on propellant mixes and extru- 
sion techniques aincnable wifli liigli- 
rate pioduction processes. On occasion 
XO'I'S has developed equipment to 
permit propellaiit-packagc iiiaiiuf.ictute 



ENVIRONMENTAL 


TEST CHAMBERS 


Designed Especially For Your Qualification 
and Control Laborotory, to Save Engineer* 
ing Time and Accelerate Test Programs 

Components of guided missiles, supersonic 
aircraft, and other products can he tested 
under reproducible conditions which permit 
accurate comparative evaluation data. Preci- 
sion control of temperature, humidity, vibra- 
tion. Standard and special design chambers 
in sizes from 2 cubic feet to walk-in rooms, 
with temperature ranges in excess of -f-500’ F. 
and -150° F. Highest standards of engineer- 
ing and manufacturing in the industry. 
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on a production basis at other activities. 

Explosives and Propellants Depart- 
ment operates statie test bavs to deter- 
mine thrust burning time, flame temp- 
eratures. wall pressures and related 
factors. There also is a lightly in.stni- 
incntcd range for preliminary frec-flight 
testing of tlie missile motor encased 
in a diimmv missile crmfigiiration to 
shtdy operational safety and handling. 
Rocket motor c.ases and dummy missiles 
arc made bv Engineering’s manufac- 
turing division. 

.Another kev responsibility of Explo- 
sives and Propellants is warhead design- 
fragmentation ts'pe, shaped charge, or 
special configuratinns. 

Components Tested 

Ail these groups do their jobs under 
coordination of Rockets and Missiles 
Department until component assem- 
blies become available for tests outside 
the laboratory. At this time, compon- 
ents arc subjected to captive and freo 


flight testing on one of the Test De- 
partment’s range facilities. 

Preliminary tests of the guidance sys- 
tem would be made through captive 
runs on an aircraft and on a track 
sled, '["he aircraft tests would be made 
primarily to get data on ability of the 
system to acquire and track various 
ty pes of targets. Sled runs would de- 
termine whether the guidance system is 
eapablc, under simulated dynamic con- 
ditions, of tracking the target and pro- 
viding information that the control 
system must Itavc for proper operation 
of the missile. 

In other tests, the fusc-warhead coin- 
binarion is accelerated to normal fliglit 
vclocitv and released for free ^lit 
against actual or simulated targets. "lliis 
determines proper function of safety 
and arming devices associated with tlic 

It also determines that the fuse will 
cause detonation against various target 
conditions and that the warhead is 


lethal within the required limits. 

Facilities available /or component 
testing include the SNORT (Super- 
sonic Naval Ordnance Research Track! 
complex. This consists of SNORT 
proper, a 4.1-mi. track capable of pro- 
siding speeds up to 2,500 fps., with 
recovery of tlie test item: a 3-mi. section 
of track for use where destruction of 
the test item is anticipated: and a 
3,000-ft. track for terminal ballistics 
studies. 

Test Tracks, G-Range Used 

Another complex, known as the G- 
range, is a highly instrumented area 
for component testing and full-scale 
missile frec-flight proving, with launch- 
ing from an aircraft, nie complex is a 
pie-shaped section about 33 deg- wide 
and 37 mi, long. It is equipped with 
telemetering facilities and photometric 
devices such as Askania theodolites, 
.Mitchell chronographs and Bowen tra- 
jectory cameras. ’Iliere also is a ground 
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The newVertol 78 is a true Vertical Take-Off and Landing (VTOL) 
aircraft, an experimental vehicle that caste a large shadow into 
the future. 


VERTOL tests 

world’s first Tilt-Wing 


With its ability to take off, hover and land like a helicopter it is 
independent of all but the most rudimentary landing area. 
Yet it flies from point to point with the dispatch of a turbo-prop 
passenger plane. 


VTOL Heseercll Aircraft this pioneer air vehicle the wing and roto-propellers tilt as a 
unit through a 90° aro at the will of the pilot. For vertical flight 
he rotates the wing upward. To fly level he tilts the wing forward. 
Given a small runway, he can set the wing at the moat effective 
angle to operate Model 76 as a Short Take-Off and Landing 
(STOL) aircraft and thus increase payload potential. 



"Wr" 

f- 


VEi^TOL 


-Qiicta^t (2otpota.iioyL- 


MORTON. PENNSYLVANIA 
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station for cltonc t.irgct control well 
as voice \’CCtor infomiiition to place 
the missile’s canicr-iiircraft in proper 
firing position for desired test condi- 
tions. All records from instrumentation 
stations are tied together by ccntr.it 
station timing. 

In addition to the SNORT and 
G-rangc complexes, there are a 1.500-ft. 
track for terminal ballistic data; a special 
track for cross-wind firing of rockets 
from moving \ chiclcs; a large-scale fuse- 
testing establishment: and a sniall-salc 
proof-firing facilitv for rockets with high 
cxplosi'c heads. 

The various ranges covet an area of 
•ibout 606.000 acres- 
Full Missile Sled-Tested 

After components are proved and 
incorporated into a complete weapon, 
tests are tun on SNORT to prechcck 
interactions between aircraft local flow 
conditions and laiinclict and mi.ssilc 
under dmamic firing conditions. 

An actual aircraft structure, such as 
a wing section with launcher, is used 
as a missile firing platform, traveling at 
the expected Mach number for tlie air- 
craft. Telemetering, track \xlocity 
mca.surement and long focal length 
tracking cameras ate employed to record 
launch conditions precisely. 

Following successful SNORT trials, 
tlie missile is tested on the G-rangc 
111 firing from its actual carrier aircraft. 
Compatibility of tlie missile "’itli the 
aircraft already ha.s been dcmimstralcel 
with a structural scchon in previous 


k 
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MISSILE MODELS tested at Naval Ordnance 


S.NORT tests. Tlii.s dcsclopmcnt test- 
ing confimies with NOTS-built proto- 
type missiles until the design has been 
firmed sufficiently to permit turning 
it over to a contractor for the first pro- 
duction model. Mcamshile. NCTI'S 
continues to incorporate improvements 
into the basic design. 

The first contractor-produced missiles 
to NOTS for final test and csuluation 
before the decision is made to release 
the weapon .system to the fleet. 'This 
final elicck is conducted nith a suffici- 
ent number of missiles to permit a high 
degree of confidence in reliability and 
performance. 

Meet aircraft, as well as advanced 
.litcraft, ate supplied for projects and 
for logistic support from a Naval Air 
Facility, integrated into the NOTS op- 
eration. Drone aircraft also arc furn- 
ished. Integrated with this Naval Air 
Facility are am- .Ah' planes or drones 
which ma\ be utilized in coninnetion 
with NOTS dcsclopmcnts. 

Auxiliary Bases Aid NOTS 

NOTS also has facilities at Pasadena, 
Morris Dam. f.oiig Beach (sea test 
range) and San Clemente Island. Among 
other things conducted by these auxili- 
aries is des’clopincnt of air-launched 
torpedoes, which arc tested in one of 
tlie pliases on a variable-angle launcher 
al Nlorris Dam. 

General pattern of design, desclop- 
nient and test for the air-lauiiclicd tor- 
pedo work is comparable to missile de- 
velopment at China Lake, except that 



Test Station’s Acroballistics Laboratory. 
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Strving In AVIONICS • AlRtOtNI NAViCATIONAl EOUIPMCNT • COMMUNiaTlOH SYSTEMS • RADAR CQUIRMENT • TEST EQUIFMEHT 



The new LORAL airborne GROUND TRACK PLOTTER, provides instantaneous and 
permanent records of the ground track of the aircraft... and important, new features 
consistent with Militory requirements. 

This and other developments in airborne electronic equipment extends further 
the forward looking creative policy in the fields of countermeasures and weapon 
systems. We hove the onswer to your airborne plotter requirements among our staff 
of experts in this field. 



LORAL electronics corporation 

NEW YORK 77, NEW YORK 
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|iiimc cognizance of the project rests 
nith XO'l'S’ Underwater Ordnance 
Deparfment. Similarly, fire control sss- 
tern development at NOTS China Ljkc 
station would be under jurisdiction of 
.\siation Ordnance Department. .\OD 
.ilso niav be given missile cognizimee, 
depending on specific skills required 
for dcs'clopment of the missile im’olved. 

For AOD fire control system develop- 
ment, a special test range is available 
for air-to-grouird rocket or gun firing 
and liigli altitude bombing. An array of 
instruments accurately positions the 
point of bomb release from the aircraft 
nid gives trajeeforv information to im- 


pact. Information on aircraft speed, 
altitude, and winds aloft also ate ob- 
tained to permit determination of fire 
control srstem capability for delivering 
the bomb accurately. 

Overall facilities at NOTS get maxi- 
mum utilization, since thc\' also are 
available to other services and to con- 
tractors. SNORT, for example, is being 
used for Air Force B-5S supersonic 
bomber escape system evaluation and 
to provide data on aerodynamic lo.iding 
•aid Butter cliaiactcristics of advanced 
US.\F and Bu-Acr aircraft and designs. 

Guidance components for intcrcon- 
lincntal and intermediate range ballistic 




BUCKETS 

and 


BLADES 
for AGT 

We design and build: 

• Forge Dies 

• Investment Molds 

We machine to Nj/ 

• Solid Stock 

e Investment Castings 
e Centrifugal Compressor 


Wheels 



wrm-electric 


METERS CO., INC. 
Ithaca, New York 
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The Honeywell 


*Atiro Arrow is the official name of the 
still secret CF-105, now under advanced 
development in Canada. 

For complere and detailed inrormaiion about 
Honeywell automatic flight controls, systems 
and instrumentation, write Minneapolis- 
Honeywell Aeronautical Division, Dept. 
AW5-47, 2600 Ridgway Road, Minneapolis 
13. Minnesota. In Canada, write Honeywell 
Controls Limited, Toronto 17, Ontario. 


equipped Avro Arrow^^ will help 
protect the northern reaches 


Y ou’ll see it long before you heat it. A mighty 
’whoosh” will split the quiet of an early morning 
sunrise over Malcon, Ontario; and Avro Aircraft's 
supersonic Avro Arrow will flash across the horizon 
to cake its riehtlul place in the skies over Canada. It 
will be a mighty force protecting one of North Ameri- 
ca's flisc lines of defense against aggressors. 

Being built into this remarkable air defense weapon 
is a system of controls and instrumentation so complex 
that we can do little more chan mention them herel 
Perhaps the most revolutionary concept and cer- 
tainly the most advanced control equipment ever to 
be installed in an aircraft of this type — is the new in- 
tegrated electronic weapons, navigation and commu- 
nications systems developed jointly by R.C.A. and 
Honeywell’s Aeronautical Division. 


Honeywell’s contribution to this joint effort in- 
cludes the elearonic flight control equipment, instru- 
mentation, ait data computer, vertical reference in- 
strument platform and fire control couplet. These will 
be integrated into the overall electronic system. 

In addition, Honeywell has developed transistor 
fuel quantity measurement and management, dynamic 
damping, exhaust gas temperature indication and 
hydraulic servos and valves for the Avro Arrow. 

Designing and engineering the control systems for 
the Avto Arrow, in co-operation with the RCAF, 
Avro Aircraft, and the governments of Canada and 
the United States, illustrates how today's modern air- 
craft and missile design makes use of the specialized 
skills and technical experience of Honeywell’s Aero- 
nautical Divisions in the United States and Canada. 


Honeywell 
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RAMP bunchcT permits simulated airtraft 


missiles ate being checked on SNOR T 
for G-Ioading and vibrational ciiviroii- 
iiitmt under contractor dcs'clopmcnt pro- 

Other activities at NO'I S include 
test programs relating to countermeas- 
ures. rockets, missiles, uarheads, fuses, 
guns, bomb drops, etc. NO'TS makes 
available experienced personnel to de- 
sign the test procedure and perform the 
tc-st mns to obtain the d;ita required. 

Less than 20% of the sfation's effort 
is directed to cs'aluating other organi- 
zations products. 

Total cost of facilities at NOTS is 
S2^0 million. Total funds for Fiscal 
1957 are about $54 million- Approxi- 
matelv 82% of this was allocated to 
projects. This «as an increase over Fiscal 
1956. in which total funds were $48 
million, witli 79% allotted to projects. 

Total amount of effort the station 
puts into dcs’clopment of a weapons 
ss'stem represents onlv about 8% of 
the cost of production of such a system. 

Despite its location in a desert atc;i. 
N()’I'S at China Lake has been des’cl- 
oped into an integrated military-civilian 
communits-. It nosv houses about 12,000 
people svithin its gates. 

Commander at NOTS is Capf. F. L. 
Asliworth. USN. Technical director 
is Dr. Wulliam B. McLcan. 

Thcrc ate about 4,800 civilian em- 
|)loyccs, some 20% being engineers and 
scientists, including approximateh’ 100 
PhDs: and another 25% teclinicians. 

'Ilicrc arc about 1,400 militarv per- 
sonnel at the station, including Nasv 
Guided Missile Unit 25 for testing 
surface-to-air missiles; GMU6 for air-to- 
air missiles, and a Marine Corps GMU 
for surFacc-to-air missiles. 

Nary is charged with management of 
tire station and key liasion with tire 
fleet. Civilian personnel, in the main, 
conduct the actual research, des’clop- 
ment and test work. • 
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When you take gas turbines out 
of the (ab and put them into the air. .. 



The New 

LYCOMING T-53 

weighs 75 pounds less 
than any other/,engine 
of comparable h.p. for 
turbo-prop applications! 

For the rapidly expanding field of STOL and 
VTOL aircraft, the new Lycoming T-53 
offers a more challenging potential than any 
turboshaft engine ever developed in the 
"small-power package” range. 

Developed under the sponsorship of the 
U. S. Army and the U. S. Air Force, the T-53 
has already been selected to power the 
Army's newest Utility ’Copter (Bell XH-40). 
Bell and Kaman have made their initial 
flights with Lycoming T-53 turbines. Even 
now the T-53 is being installed in boats, 
and stationary power plants are under 
consideration. Yet it is in the field of turbo- 
prop applications that the T-63 might very 
well offer its most exciting possibilities. 

Ready to take to the air, the complete 
turbo-prop weighs only 460 lbs. and delivers 
960 h.p. from a compact 47.6 length x 23-in. 
diameter. Using a variety of fuels including 
automotive and aviation types, gasoline 
and JP-4, it operates at a low 0.655 lbs. per 
e.s.h.p, per hr. consumption. Rugged 
design features and unprecedented ease 
of maintenance guarantee safe operation 
and long life. 

Available with front-end or rear-end 
power take-off or simultaneous power 
extraction at both ends, Lycoming's T-53 
may solve the turbo-prop problems 
you're facing right now! 

Phone, wire or write for turbine information to 
Lycoming Division, ArcoManvfactvringCorp., 
SSO So. Main St., Stratford, Conn. 
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NATTS is World’s Top Jet Test Facility 



YT40 TURBOPROP engine undergoing test in cell wblcli has adjustable nrifice. 


By George L. Christian 

Trenton, N. J.— Tlic Naval Air 
Turbine Test Station and its asso- 
ciated Aeronautical Turbine Labora- 
tory ate swinging into operation with 
intensive test programs on a multi- 
tude of new and old gas turbine cn- 

Currenth', only turbojet and turbo- 
prop engines arc involved. Later test 
activities will expand to cover the 
whole gamut of aitboinc powcrplants, 
including ramjets and pulscjets. 

'I'ests now are being run to explore 
such questions as engine flanie-out and 
tc-iiglit cliiir.ictciistics at various alti- 
tudes: compahibility of now tvpcs of 
fuel witli satious jet engines, and oscr- 
all liigli and low altitude performance 

When additional facilities now in 
the planning stage become available, 
fuel controls, pumps and liydraulic 
components anJ otirer accessories will 
Ire tested wliilc in operation on an 
engine, 'ibis will give a complete pic- 
ture of the functioning of a fully inte- 
grated cngine/accessory pack.ngc. 

Ihe S40 million Navv station, possi- 
bly file world's most pov.erfiil and 
complete jet engine test facility, was 
dedicated in Nosember. 1955 (AW 
Oct. 17, 1955, p. ftO). NATl^ is under 
the technical direction of the Bureau 
of Aeronautics, and works closely with 
the Naval .Air Development Center 
at Joncsvinc, Pa., and tlic Naval .Air 
Material Center at Philadelphia. Com- 
mander is Capt, W. E. Kcnna. 

Initially, the Turbine Laboratory 
was beset witli operating, organizritional 


.and budgetarv problems. Such growing 
pains are to be expected in an activity 
using sucii enormous and complex mn- 
cliiiiety for wliicii there is little opera- 
tional precedent, Navy savs. 

.A N.ATI'S official pointed out tliat 
a rcorganiziition was instituted recently 
to increase effectiveness of tiie station 
and of the laboratory shiff. One result 
w'.is to create additionai positions on 
the laboratory staff. .A vigorous recruit- 
ing program has been launclied to fili 
them. 

.A spokesman for NATFS gave Avia- 


I'lo.s Wlek this example of effective 
research reccntlv accomplished by the 
•Aeronautical Turbine Laiboratorv for 
Navy: 

Last fall a problem vital to the fleet 
arose. .A new first line figlrtcc was 
planned for fleet deployinen'. in opera- 
tions where it would be required to 
burn a type of jet fuel never previously 
used witli the engine. 

A liigh priority test program w-as 
eonducted in a Ts'ATTS altitude test 
cliamber to check compata'nlity of fuel 
and engine. Special emphasis was placed 
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New MELETRON 

Pressure Actuated Switch 

K LI X O N 

Precision Sine Switch 


In designidEits new Tier-Tube pressure actuated 
switch, Meleiron Corporation, makers of over 
500,000 aircraft pressure switches, turned to the 
Klixon Precision Sine Switch as a basic component. 

Why? 

Here's how George A. Starbird, President of 
Meletron, puts it: 

"We found ikcl the Klixon Sine Suitek is more 
resistant to riirafiait; has a more satisfaelory eurreal 
rotinn and a more uniform tap Oian any snap action 
sicileh that we haee used in the past." 

This J Series Klixon Sine Switch, like other 
models in the Klixon line, is a highly precise, sensi- 
tive snap switch for applications requiring ex- 
tremely small movement dilTerentiai with high 
shock and vibration resistance. 

Movement diflerentiat as well as operating and 
release forces can be precisely adjusted and set Co 
meet a wide variety oi application requirements. 
Once calibrated, the Klixon Sine Switch precisely 
maintains its operating characteristics throughout 

For full details on Klixon Precision Switches, 
write now for catalog sheets PRSW i, 2, 3, 4 and 5. 





on detennining high altitude ait start- 
ing characteristics of the new fuel. 
X.ATTS tests .sliowed that the fuel had 
satisfactuT)’ high altitude relight char- 
acteristics. TTicsc investigations, coiii- 
plcmciited by flight test evaluation of 
the fuel, allowed Na\’\ to make a sound 
decision to send the fighter to the fleet. 

In the past nine mouths, N'ATTS 
has issued nine ciigincciing report, 
covering such operational problcnis ai 
flame-out and air start limitations and 
air start procedures on a variety of gas 
turbine engines. 

Latest Engines Tested 

Pouerplauts rnvoh’cd included the 
Westhigliouse XJ5-I, Wright J65 ami 
•Mlison J71- Test projects eurrcntls 
arc being planned for the Pratt A; 
Whitney J75, Wright J67, Geneml 
I'.Icctric J79 jitd .Mlison I'-tO. 

Othcr projects conducted by the 
facilitx' since it began oper.ition two and 
a lialf years ago include: 

• Evaluation of engine high altitirde 
l>crformancc from sea Icsei to Irigli 
altitude. Purpose is to compare actual 
performance against guarantees and 
vstiinates made "by the m.iuutacturcr in 
his engine specifications. 

• Investigation of installation effects 
on engines. Distortions ntc imposed 
on air inlet flow to the test engine. 
Tills duplicates inlet patterns that 
might be experienced on the actual 
airplane to predict what effect thci 
iviil hai’c on engine performance. 
Otiicr data also chcctcd include cooling 
air requirements and other fuel, air 
and exhaust installation effects. 

• Determining engine conijionent per- 
formance. These tests are aimed at 
checking tlic performance of engine 
components, such as compressors, tur- 
bines and combustion cmimbcrs, to 
dctcroiinc their effect on overall engine 
performance. Tests also assess general 
pcrfomrancc of these components in 
relation to the current state of the 
art in gas turbine design. 

• Checking causes of engine failures, 
malfunctions or shortcomings in serv- 
ice. Tests invoh’C operating engines 
under environmental conditiens which 
arc suspected of haring contributed 
tf. deficiencies of the powerplant in 
actual service. Analvsis of these tests 
helps to develop fixes. 

• Determining adequacy of fixes. After 
an engine's shortcomings have been 
pinpointed and fixes devised, the 6xc> 
are incorporated in the powerplant 
and it is run under the same environ- 
mental conditions wliicit caused the 
original deficiency, to determine 
whether the fix is adequate. 

lire vast gas turbine engine test 
facilities at NA7TS include some nci’cr 
tried before— at least not in the sizes 
vised here. Among them arc; 

• Turboprop test cell. This is the only 
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Space . . . Time . . . and Temperature 
...with Fenwal aboard 


.Space ami lime accommodate no 
mun. But temperature is a little more 
obliging. 

Space ships probably will have 
mirade-metal blinds that open auiu- 
matieally on the part of the cabin ex- 
poserl to sun rays anti close on the 
cold side. Who will make the tem- 
perature controls? Fenwal, it is likely. 
That's because of the advancer! job 
Fenwal has been doing on modern 
aircraft and missiles. Not only have 
the temperature sensing problems 
themselves been solved practically 


and reliably but the factors of 
continued good service under shock, 
vibration and extreme climatic con- 
ditions are being met also. 

A good example is Fenwal's leader- 
ship in differential thermostats, con- 
trols for camera compartments, cool- 
ing effect detectors, liearing over-heat 


alarms and other specially packageil 
controls. What we do today is pre- 
paring us for tomorrow. 

To enlist Fenwal’s ability to help 
meet your present and future control 
problems, write Fenwal Incorporated, 
Aviation Products Division, Ashland. 
Massachusetts. 
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Another 50% advance in nickel industry's production capacity 


Paced by Inco-Canada’s new developments in Manitoba, producers put 
Free World nickel output at SS0-B7S million pounds a year — up 130% over 1951 






A International Nickel 
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B-47 STRATOJET 

While building more than 1,500 Y-4 
bombsighu for B-47 Stratojets. we improved 
original design, exceeded USAF 
specifications. Thorough testing at all stages 
of production assured perfect assemblies. 

IVe delivered on schedule I 




MD-9 tail defense system in the B-52 
Intercontinental bomber. This optical gunsight 
has a high degree of electronic automation. 

It calls for exacting manufacturing 
and environmental testing. 




B-58 HUSTLER 

The B-58 Hustler, the world’s first 
supersonic bomber, carries a series of key 
assemblies engineered and produced by the 
Mechanical Division under sub-contract 
for Emerson Electric Corporation. Military 
security prevents detailed description of 
these ultra-precise electro-mechanical units. 


CLASSIFIED 




These are some of the men, recognized 
leaders in their fields, who head the integrat- 
ed departments that team to provide complete 
systems service. 

From the left: Dr. Howard H. Bailer (radar 
and countermeasures, computers): Dr. Cledo 
Brunetti, Managing Director of Engineering, 
Research and Development (electronic design, 
automation); Donald F. Melton(nuclear handling, 


automation equipment); Dr. John E. Barkley, 
Director of Research (solid state, infrared); Zeke 
Soucek (seated). General Manager ; Dr. Carl L. 
Kober, Director of Development (radar, infrared 
and inertial systems); Harold E. Froehlich (bal- 
loons and meteorological systems); Dr. Otmar 
M. Stuelzer (microwave optics, scmi<onductor 
physics): Dr. Gottfried K. Wehner (behavior of 
metals in space flight). 


3 GOOD REASONS 

for investigating our 

engineering and production capabilities 


The top three United States Air Force jet 
bombers employ bombing or fire control sys- 
tems produced in part by the Mechanical 
Division of General Mills. 

Our exceptional combination of engineers 
and technicians, working as a unified team, 
can start from any stage in aircraft and missile 
systems and sub-systems: scientific research, 
development and design, production engi- 
neering or precision manufacturing. 


Our other immediate activities encompass 
development and production of guidance sys- 
tems for missiles, including the Matador II. 
We are also doing developmental work in 
underwater ordnance, radar and infrared. 

We'd like to teil you more about how we 
combine conception with completion to pro- 
vide complete service on major assemblies and 
sub-systems. We’re anxious to answer your 
questions. Write for descriptive literature. 


f General 1 

MECHANICAL DIVISION I |\/|T||s i 


Crealive Research and Developn 
Cirel* NurT<ber 82 on goodtr-SorvIce Co 


ision Engineering and Production 


Minneapolis, Minnesola 




'^&mxe of 

The nation's first intercontinental missile . . . the Air Force’s Northrop 
Snark SM-62. Equippctl with a nuclear warliead, the Snavk is a so-called 
air-hreathing missile which travels in llie earth’s atmosphere. Its compact 
design presents a smaller target for radar, interceptors, or anti-aircraft 

Extremely uiohilc, Uie Snark can he air lifted to any site tvilhin a few 



Tlie pilotless homher is |)owcred hy a Pratl-Whitncy Aircraft J-57 turbo- 
jet engine equipped witli a Holley compressor bleed governor. It flies in 
near-sonic speeds above the weather over the longest range yet possible liy 
a missile in the free world today. 

Like all Holley engine controls, the compressor bleed governor is depend- 
able, easy to service, compact and lightweight — four vital qualities for 
aviation equipment. 

lEADER IN THE DESIGN, DEVELOPMENT, AND MAN- 
UFACTURE OF AVIATION FUEL METERING OEVICES- 

n«5S £. NINE MILE SOAO, VAN DYKE. MICHIGAN 


• NAVY 


the facility. Another ?00 Icmixtr.iturcs 
can be terified by a standird dial tele 
plionc incorijorating a special check 

Laboratory personnel in iiidoidual. 
soimd-|)roofcd control centerr. located 
dose to each test cell opcrife the en- 
gines and watch the tests through clal) 
orate instrumentation and plissical 

Operating personnel can coiniiumi- 
catc with each other only \’ia the cen 
tral control room, allowing engineers 
to monitor esery nord that is said. 
The engineers «n talk with anymie 
in the laboratori’ tlirougli a closed 
loop communications system. 

Blower Wing 

Bloner wing houses three large 
Ingcisoil-Rimd nigh pressure centrifugal 

.^r is taken in through intake si- 
lencers. Silencing provisions alone at 
NATlS-for air intake and ediausl 
mufflers and sound attenuation equip- 
ment— cost more than Svmillimi. .Mr 
is filtered and jiumpcd through primati 
coolers whidi dchmnidifs' and cool it 
to 40F. 

It then passes tlirougli secondary 
coolers which can dro)) the tempera- 
ture to minus 2JF, 

From the sccondars- coolers, air 
passes into fire headers, each Inning 
a characterized valic and a 2T-ft. di- 
.ameter intercooler. T he vah’cs may be 
actuated manualh’ through a piicii- 
niafic system, or automatically through 
an eicctro-hvdraulic control s'stem. 

Intercoolers natin or cool the air 
Sowing to the test cells to simnlalt 
tain heat or altitude cold. 

Also htiiiscd in tlic blower wing 
ate large Freon and brine refrigerating 
machines and associated feeder lines. 
Turboprop Test Cell 

Air from the blower wing is pumped 
into tlic test wing, which houses 6vc 
test cells— one for turboprops, two for 
altitude turbojet testing .and t\so for 
sea lc\cl turbojet testing. Nary says 
ground w ill be broken soon for a third, 
huger iiigli altitude test chamber. 

furhopiop test cell, most unique 
of tile three hpes of test chambers 
at NArrS, ca'n cheek engines ssitli 
conditioned ram air under high altitude 
conditions, or under ambient air pres- 
sure and tcinperahuc conditions. Pro- 
pellers turn in ambient air only. 

Props draw in air through sO-ft. higli 
acoustical baffles whicli act as silencers. 
A lariablc-orificc inlet directs the air 
to the prop. Its circumference can 
be adjusted to accommodate propeller 
diameters ranging from 9 ft. to 20 ft.; 
purpose is to eliminate inlet buffeting 
around prop blade tips. 

Whole orifice structure can be moved 
back and forth to accommodate turbo- 



From Adams-Rilc comes the ijislinguished interior 
hardware used in the world's new jet transports. The reason 
is clear . . . today, as for more than twenty years, Adams-Rite Hard- 
ware is standard on the planes of every major aircraft company, both mili- 
tary and commercial. Whatever your requirements in aircraft hardware or 
electro-mcchanieal control systems, our engineering staff can co-operate 
with your own to provide the utmost in design, workmanship, economy, 
and performance. Consultation involves no obligation— inquiries 
on your company's letterhead will be answered promptly. 

ADAMS -RITE 

540 West Chevy Chase Drive. Clendale 4, Cali/ornia. Dept. AW -01 


AVIATION WEEK, 


3, 1957 


169 


UPPER ATMOSPHERE 
RESEARCH 


• NAVY 



role In IGY. In eddition to Pr^ul 


supply its famed Aerobee-HI rocVets for 
cnbcal rasearcli lll|fits from Hudson Bay. 




Technical Editors 





Write: Director oF Scientific and 
Engineering Personnel, Box 296N, 
Azuso, Corif. or Box 1947N, Sa- 
cromento, Calif. 



CURTISS-WRIQHT i$5 co^ae iastallcd m altitude test cltambci at NATTS. 


prop engines of different lengths. 

Engine exhaust is drawn into the 
exhauster wing. Prop wash is blown 
through a sound-attenuation chamber, 
witete noise is reduced to a Icsei equiv- 
alent to hearing the turboprop from a 
distance of four miles. 

Engines are mounted on a cable- 
supported stand equipped with a thrust 
measuring mechanism. 

Altitude Test Cell 

Existing altitude test cells are metal 
cylinders 65 ft. long and 15 ft, in 
diameter. Center section telescopes 
over the forward part to .allow the 
jet engine to be mounted on a tlirust 
measuring stand inside tire chamber. 

Navy says tliat deflection caused by 
mounting heavy jet powerplonts on a 
cantilever platform 50 ft. long creates 
alignment problems between the tele- 
scoping center section and fixed front 
and rear portions of the cell. To cor- 
rect this, future altitude chambers will 
have hinged instead of telescoping ac- 
cess sections. 

After tire engine has been installed 
and all fuel, ignition, control and instru- 
mentation hookups made, the center 
section is positioned hrdmulically and 


secured to both fore and aft sections 
by means of a mechanical, wedge-type 
lock. Specially-designed, inflatable rub- 
ber seals make front and back joints 
airtight. 

A special partition, tailored to the 
outside diameter of tlie powerplant 
being tested, seals the area between 
the forward part of the engine and the 
inner svall of the test cell. This diverts 
all blower air into the powerplant's 
intakes and pre\'ents dilution of ex- 
hauster suction with ram pressure. 

The altitude cells can also be used 
to test engines under ambient altitude 
and temperature conditions. Under 
such circumstances, access to the en- 
gine is possible through air lock doors 
in the test ch.imber's center section. 

At present, the altitude test cells 
will not handle jet engines equipped 
with afterburners because of the risk 
of destructive afterburner detonation. 
Plans are undenvay to install water 

3 )rny curtains to break down any such 
etonation. 

Sea Level Test Cell 

The two sea level test cells also can 
operate either on conditioned ram air 
or ambient atmosphere. Unlike the 
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Montgolfier’s va.ngua.rd project 

A sheep, a duck, a rooster— the first payload carried aloft for 
atmospheric research. Louis XVI, his queen and his court, 
were astonished witnesses as Joseph Montgolfier’s smoke- 
filled balloon rose in majesty 1500 feet over Versailles, The 
passengers? unharmed (except the rooster, kicked by the sheep). 
Project Vanguard, 1957, Is an equally momentous "first"— 
an attempt to place a 21 -pound satellite in an orbit 300 miles up. 

Aerojet-General, designer-buiider of the famed Aerobee-Hi, 
will supply vital second-stage propulsion systems for Vanguard 
launchings during the International Geophysical Year, 



Aerojet-General Invites scientists and engineers— men of imagination and 
vision— to join the attack on the most significant research, 
development and production problems of our time. 
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TOWARD MACH 3 


WITH A COMPLETE BENDIX SYSTEM FOR FUEL METERING AND ENGINE CONTROL 


When the pilot swings the lever from 
idle to emergency thrust — or back 
again — things must happen fast in 
the big jets. 

But not too fast! 

For, pouring it on, or cutting back 
faster than the engine can take it, 
spells disaster. The penalties are 
ruinous over-temperatures, compres- 
sor stall or flame-out. 

When the pilot orders a change 
in thrust, the Bendix* fuel metering 


and engine control system takes over. 
Fuel feed is automatically computed 
and scheduled. Geometric controls 
such as exhaust nozzle area and inlet 
vane angles are set. Automatically 
and instantly, engine response is 
crowded to the limit — but not 
beyond ! 

Matched sets of Bendix com- 
ponents — pressure and temperature 
sensors, electronic amplifiers, fuel 
metering units and engine control 


actuators — work together asasj’slem, 
spanning the length and girth of 
the engine. 

Bendix components, designed and 
engineered together, invariably give 
more efficient performance than any 
arbitrarily assembled system. 

So, when it comes to fuel metering 
and engine controls, think of a com- 
plete and integrated system. Then 
we suggest you think of Bendix and 
the Bendix Products Division. 


Bendix DIVISION South Bend, 


IND. 


• NAVY 


altitude chiimbcrs. the sea level ctUs 
cm accommodate aftcrbiinicr-cquippcd 

I’liiginc cxiiaust, instead of hting 
i.\ aciiated by exhausters, is dum|)cd into 
j sound attemiation chambet which 
tic.idcns the loud roar to the simiid 
k\c! of an autonu>l)ilc exhaust. 

Features of the ground level test 
tell intiude: 

• Engine cradles hishioiicd from hol- 
low steel tubing thrmigli which ooolin” 
w.iter is cireulated in ease ciginc heat 
beecimes too intense. 

• Four water sprav rings ioc.itcd directly 
behind the engine to cool the exhaust 
and prevent damage to the sound at- 
tenuation material, .\utoin.itic tempera- 
liire-sensing equipment, supplied by 
Miimeapolis-lloncuvcll. cuts in the first 
sprm ring when cxiuuist teni|jcratures 
le.ieli ^80F. Sueeessiie rings go into 
(iperation until teinpcratutc climbs to 
HtiOF. when an alann is sounded. 
Exhauster Wing 

F..x!iiiustcr wing, sshosc control sys- 
tem also gave the Navy trouble, con- 
tiins littge De l.asal turbu-exliaiisters. 
set up in three stages. Electric motors 
ut 4.500 hp. power cmcIi one. 

first stage can stimulate altitudes 
cip to 25,000 ft. Second stage goes 
to 44,000 ft. and tlie third stage to 65.- 
COO fl- 

.\ll exhaust air pimiping equipment 
in the building is intcrcomicctcd by 
lirgc-diametcr lie.idcrs. .\ii flow is 
controlled bs oversized gate I’alves— 
some three stories high. 

Other equipment in the building 
inclncles exhaust silenicers. eoolcrs and 

scntilatc the striietiirc- 
Support Equipment 

Much support equipment is required 
to icciitd. collate .md iiitct|)rel the \ast 
amounts of data collected from the 
test cells. 

This includes: 

• l>as ics magnetic tajsc tccoider with 
two scvcn-cTuinnel iccotdci', tliree- 
s)x.ed play-back svstcni and an N-\ 
|)lotter for stud' iiig compressor stall 
and blade stress phenomena in iipei- 

• M-ll equilibrium data recording sys- 
tems. These are contracted for and are 
nearing completion. Each will be cajxi- 
blc of sensing 500 data variables, svliieh 
arc stored simultaneously and then 
sequentially read out on punched t.ipe 
fur printing or IBM ealculatiniis. 

• IBM data processing equipment i- 
being added to increase tlic effective- 
ness and utilization of the cstablish- 

Good'car .Miation is suppl'ing 
CF.ITV 14 analog computing eqiiip- 
iiieiit for engine or accessory simula- 
tion work- ■ 



Electronic cobles, the "nerves" of monitoring ond test- 
ing systems in missiles, rockets and aircroft, ore con- 
stantly being stressed by the searing heat oround jet 
engines . . . the sub-zero cold of the stratosphere . . . 
immersion in fuels, chemicals or solvents. Revere Teflon 
Coble meets these high service requirements . . . ond 
those of computer and radar opplications, too. 

Revere Teflon Cobles are avoiloble with 1, 2, 3 or 4 
teflon-insuloted, silver plated, stranded copper con- 
ductors, rated for continuous operotion from — 90'C. 
to -j-210°C. Cobles ore shielded with silver plated cop- 
per to give 90% coveroge, Jackets to suit applicotion 
— silicone treated gloss braid, teflon, Kel-F’*, vinyl, 
nylon, etc. 

Conductor size: 24 to 18 gage in .008" (300 volt), 
.010" (600 volt) ond .015" (1000 volt) wall thicknesses. 
Ten ond fifteen mil wall conductors meet oppiicable 
requirements of MIL-W-16878, Type E ond EE. 
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GENERAL ELECTRIC ANNOUNCES . . . 

New Aviation Lab to Help Speed Development, 
Qualification of Complete Electric Systems 


To provide thorough evaluation of com- 
plete electric generating systems in terms 
of specified perfomiance umlcr normal 
operating conditions, ami safety under 
abnormal conditions. General Electric 
has established a new aircraft elertric 
systems laboratory at Waynesboro. 
Virginia. This new lab complements ex- 
isting component development facilities 
for generators, controls, hydraulic and 
air turbine constant speed drive ei|uip- 
menl, and will help speed completion of 
current and future programs in these 
four basic areas: 

1. Determination of component com- 
patibility, 

2. Development and evaluation of new 
systems. 

3. Qiialihcation testing and reporting on 
complete systems. 

4. Co-ordination and assistance in de- 
veloping components related to the 
electric system with customer per- 
sonnel. 

Capacity for future systems 
To meet the requirements of these pro- 
grams both now and in the future, the 
new lab incorporates advanced, high ca- 
pacity equipment. Currently up to six 
systems ral^ to 60 KVA or three rated to 
120 KVA can be evaluated. 


Three drive stands provide adjustable 
>peed at rated power (200 hp eonlinumis, 
300 hp for S minutes, and 100 Iip for 
seconds) from -WOO to 12.000 rpni at the 
dual head output shafts. The horsepower 
varies linearly with rpni at lower speeiK. 
A lab system supplies oil at adjustable 
temperatures up to t00°C tn the hydraulic 
drives and oil-cooled generators mounted 
on the output pads. 

,A heavy flywheel serves to ''stiITtn'' 
the drive, giving a truer representation of 
tlie high-inertia of jet engines. This fly- 
wheel is detached to allow cvahiatioii of 
constant speed drives under conditions of 
high acceleration. 


New drives help simufate jet engines 

Each drive stand is equipped with a 
General Electric, current-contr'dled Tliy~ 
inn-W* drive. This advanced system can 
simulate the actual rate of change in en- 
gine speed or provide the response needed 
in component testing. Outstanding fca. 
tures include excellent speerl regulation, 
liigh steady stale accuracy, and wide 
speed range. Acceleration and decelera- 

from 0 to above 1500 rpm per second. 
Speed regulation from no load to full load 
is one percent of base speed. Line voltage 
variations of plus or minus 10 percent 
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will cause a change in output speed of 
less than one percent of base speed. 

In addition to high eificiency, the new 
system provides regenerative braking fur 
rapitl .slowdown. True reversing is pos- 
sible without the addition of a reversing 
cnntaiMor. Other features of this all-elec- 
tronic control include either constant 
horsepower or constant torque, and cur- 
rent, t'oltage, and acccleratton limit pro- 
leclinn. 

Instruments speed evaluation 

The control panel niotmls hislriimcnls 
used to monitor svstem values during 
development and functional checks as 
well as providing ilrive stand controL 
Switches nn tiie (laiicl control the load 
lianks 'vhich are rated 120 K\'A at 0.75 
po^ve^ factor per section and are con- 
tinuously adjustable. A separate panel is 
used to inuck-up tlie instrument panel 
e-vactly as it is proposed for each air- 

To simulate aircraft generator feeder 
installations, aluminum troughs are in- 
stalled above the control mock-up board, 
.Aircraft type cables arc installed in the 
same manner as on tlie airplane with 
the trough acting as the skin of the air- 
frame. This method has produced very 
satisfactory resiilis. Mcasiircmenls made 
of the positive, negative uiiil rero se- 
quence impedances of lab installation' 
show close correlation to calculated air- 
craft installation values. 


A high degree of flexibility for inlcr- 
connecling buses an<l load hanks is fur- 
nished by loarl breakers connected to 
each generator bus. High current capac- 
ity circuit breakers allow application of 
faults at numerous points in the system. 
Current Results of Lab Tests 

A lypical example of dcterminalion of 
component compatibility through labora- 
tory testing is the development of the 
parallel operated, 20 KVA Constant Fre- 
quency Power Packages. This system, in- 
cluding statically excited generators, ex- 
citer-regulators. hydraulic constant speed 
drives, and protective panels, is mode up 
of all General Electric components, de- 
veloped and manufactured to operate 
as an inl^raled system. The newly de- 
veloped drive uses a governor with me- 
chanical network compensation giving 
very fast speed responses. The exciter- 
regulator has proved capable of stabiliaing 
the system under high governor speeds, 
load changes, and fault conditions. 

Developmentofthe high phase take-over 
voltage sensing principle is another exam- 
ple of progress through laboratory evalu- 
ation. Work in systems application prob- 
lems showed a need for a new method of 
voltage sensing in order to provide a safer 
system without impractical system limita- 
tions. To meet this need a General 
Electric regulator was developed to sense 
and operate on the basis of the highest of 
the three-phase voltages for all abnormal 
system eondilinns and on the average for 
all normal system conditions. Laboratory 
system tests proved this method to be a 
practical solution to the problem and the 


design is now widely accepted and speci- 
fied for many applications. 

Qualification testing and reporting is 
another important phase of operations at 
the new* lab. Among the systems currently 
being tested is the statically excited, 60 
KV.A, production system for the Lockheed 
Elecira- This relatively small, light weight 
system eliminates the rotating exciter of 
conventional generators, allowing reduced 
maintenance costs, reduced fire hazards, 
and improved generator cooling and oper- 
ating efftciency. 

Rigorous tests conducted on the system 
included evaluation of voltage regulation, 
fault current, response times, protective 
and transfer functions and coordination 
of load and system protective devices. 
Also the lab condimted motor starting and 
transient tests and short circuit and open 
circuit examination.' of all components. 

Another important function of the new 
lab is to provide assistance in evaluating 
equipment associated with the electric 
power system during early stages of de- 
velopment. Typical examples of this 
service are application of utilization 
equipment that is unique in its power 
requirements such as large motor loads 
and regulated trarisformcr-rectifiers, and 
the application of circuit protectors in co- 
ordination with llie over-all protective 

For more information on General Elec- 
tric aircraft electric systems, components 
and development c-apahilities. contact 
your local G-E Aviation and Defense 
Industries Sales Representative, General 
Electric Company, Schenectady 5, /V, K- 



T^gre&s Is Our Mosf- /mporMnf ^oduef 


GENERAL 



ELECTRIC 


Circle Number 106 on Reoder-Seivice Cord 


175 





FREEDOM IS A 
FRIENDLY SKY 



Today, freedom’s 
frontier is the friendly 
sky you walk under. 

A friendly sky, 
like freedom, 
doesn’t just happen. 

It demands a 
defense that can 
halt aggression 
almost before it starts 
. . . the electronic kind 
of defense 
our Air Force 
is building. 

As IBM sees it, this 
is the surest 
guarantee that our 
skies will remain 
friendly . . . and free. 


MILITARY PRODUCTS . DATA PROCESSING 
ELECTRIC TYPEWRITERS • TIME EQUIPMENT 
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Funds, Rules Limit Army Air Research 


By Claude \v it/.e 


Ft. Eiistis, Va.-'I'lic Army Avi 
Kcscaich and Engineering Coinmund 
«itli new approaches that have grown 
set of standards: 

• Rigid economy in design iiiid tle'clop- 
iiient of aircraft. Great reliante is 
|;kicccl mi vohintim contractor co-oper- 

• Range and weight restiietioiis iin- 
[iMscd by tlic Department of Defense in 
its definition of the Services’ roles and 

• Provision of ait mobility in the battle- 
field environment of tlic ground soldier. 

It is an area of low flying, slow 
dying tluit until now has not attraeted 
attention from the aircraft industry’s 
finest talent. 


ation Division of the 1 ransporlation 
(TRECOM) is experimenting boldly 
out of its ingenuity in meeting a stem 

I'requenth mcriooked m discussions 
iilimit re-seareli and dcvclopmcnl for 
.\rm\- aviation is tlie sintple fact that it 
is more or less serboten. so tar as tlie 
,\rin\' itself is conccnicd. 
Checkreined by Wilson 

Defense Secretary Charles E. Wilson 
has put the ehcckrein on more th.in 
just tlic ninge and weight of .•\rrny 

W'ilson's famous memorandum of 
Nov. 26, 19i6. confines Army aircraft 
to a range of 1(I0 miles from the line 



of battle. It fixes maximum empty 
weiglit of aircraft at r.OOO lb. and of 
helicopters at 20.000 lb. 

'nil- Defense Secretary’s memoran- 
dum also says; 

■The Annv will not maintain uni- 
lateral aiiafion research facilities but 
will confine itself to the devclojimcnt 
and determination of specific require- 
ments peculiar to Army needs, to csalu- 
iitinn of proposals, and to user testing 
lit equipment. 

’"I'lie Anm " ill make maximum use 
of ,\ir I’orce and Navv aircraft research 
and development facilities. Tlic Air 
I'rirce- and Nm\ "ill be responsive to 
Anin needs in such rescaren aetiiitics 
on a rciinbiirsiblc basis. 

"'I'hc Army will use existing types of 
Navi. .\ir force or civilian aircraft 
wlien thei are suitable, or may lie suit- 
ablv modified, rather tlian attempt to 
dci elop and procure new types.” 

Flying Crane Studied 

Effect of this edict is that TRE- 
CXlM’s eight-month-old Army Aviation 
Division is not a research and develop- 
ment facility or cicn an agency witli 
the usual prerogatives in this area. 

'I'ninsportatioii Research and Engi- 
neering Command is an engineering 
center where u staff of 67 persons in- 
vestigates new ideas for which the Arniv 
mav hai c a requirement. 

A good example of the way tliis 
operates in the case of a specific project 
i". tlic current parametric design study 
of a filing crane. In accordance with 
the Wilson order, TRECOM is trying 
to find out wlicthcr the Array needs 
such an aircraft-a determination that 
can be made only after Army knows 
the exact state of the art, what can be 
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PlLOrS DEAD RECK. 
ONING INDICATOR 


OTHER NEW DAYSTROM DEVELOPMENTS INCLUDE: 




This precision instrument is but one of 
nany which Dsystrom engineers have devel- 
oped— and Daystrora's shop has 
produced for the Armed Services and 
industry. You, too, can depend on the 
"know-how" of Daystrom in development, 
design and production . . . upon Daystrom's 
reputation lor meeting rigid quality 
standards and high reliability. Drop us 
a line, and we'll be glad to have 
ui representative call on you. Or, better still 

pay us a visit, and see our modern 
plant and complete facilities. 


TROM 


NSTRUMENT 


Division of Daystrom, Ine, 

ARCHBALO, PENNA. 


true 


flight! 
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FIRST TILT-WING model ever built «as developed by Aiiciaft Coip. for .\cniv. 

Office of Naval Rescarcli, declassified recently. It flies horirontally. vertically. 


built and Itmv much it will cost to pro- 
cure and operate. 

A few contracts have been gr.intcd 
fur paper studies of the flying cnine 
idc-.i by manufaeturcts with a proven 
interest and capability. Other designers 
lia\c been encouraged to offer tbeir 
idc.is on the subject without a con- 


Lifting Tanks and Missiles 

Several design ideas have been re- 
ceived. In general, thev will provide 
lielicopter Kpe of lift machine ca- 
pable of moving tanks over barriers, 
pl.ieiiig bridges, moving missiles into 
position. They should have a speed of 
SO kts. and carry a payload of 8 to 15 
tons, depending on the range. 

'I'RKCOM will not reveal details 
of what is being considere-d, but pro- 
povals alreadv in have been sent to 
LIS.M's Wriglit Air Development 
Center for concurrent evaluation If the 
requirement is established— and .Amy 


.iviation chiefs already have said they 
need sncli a devicc-US.Ab' will draft 
the final specifications and administer 
the procurement. 

The most significant development in 
■fRKCOM's short history may be the 
f.rct that it is stirring up the interest 
ot major U. S. aircraft eompanies. Some 
of them, standing for years in tlie 
gaudv atmosphere of -Air I’otcc and 
Navv- weapon development procedures, 
arc stepping down to ntiddlc class 
standards with visits to b't. Eustis. 

'Hiis is true in the case of the flving 
crane, the aerial jeep, multiple lifting 
devices and flic liiglicr performance 
observation aircraft. 

Missiles Are Factor 

The shift in emphasis away from 
manned weapon systems and toward 
guided missiles is an obvious factor in 
the change of attifude. 

Cotollaty is that Army has genuine 
aeronautical problems at a time when 
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No shock is too much for 


the Lindsay Pressure Gouge 
...proven in guided missiles! 




The RMC-Lindsay Pressure Gauge registers 
steady pressure readings from 500 to 10,000 
PSI for extended periods. Not even the most 
extreme conditions of shock, vibration or 
temperature disturb its accuracy. It is the 
one high pressure gauge capable of meeting 
the tremendous demands of guided missile 
service, and is currently used in some of the 
nation's mightiest missiles and aircraft. 

The RMC-Lindsay Gauge is a bourdon 
tube gauge which uses a multiple coil, helical 
bourdon tube with the pointer attached 
directly to the end of the coil. As compared 
to the traditional “C” spring bourdon 
gauge, the life of the Lindsay helical bour- 
don coil is more than 10 times greater and 
its proof pressure limits are increased by a 
factor of 3 or 4. Also, by using the multiple 
turn helical bourdon tube there are no link- 
ages and pivots — this improves the gauge's 
shock resistance by a factor of 5 or 10. 

The same basic gauge — with all its rugged, 
missile-service qualifications — is used for air- 
craft applications. Lindsay Pressure Gauges 
for aircraft are made for extensive cyclmg — 
will meet rigid endurance and over-pressure 
requirements. They are made in sizes down 
to 1" diameter. 


The helical bourdon element is, of course, 
not a new development. However, the 
RMC-Lindsay techniques in coiling, heat 
treatment, calibration and material specifi- 
cations are new — and exclusive with RMC 
of California. 

Whatever your high pressure gauge prob- 
lems may be, why not let RMC engineering 
skill provide the answers. Write today, out- 
lining your particular requirements. 


ROCHESTER MfG.C0.,INC. 
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Surveillance Drone 
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these arc being puslied aside elsewhere 
by the strenuous search for adsanccs 
in such fields as metallurgy and solid 
state pliysies- 
Aerial Jeep Evaluated 

An evaluation now under way at 
Fort Eustis invol\'cs 28 designs lot 
tlic aerial jeep, received from 21 con- 
tractors. Because this project was 
launched prior to tlic \S'ilson memoran- 
dum, it is an .ill-Array proposal, being 
studied bv TRFCOJsI with ,i strong 
lift from its helpful neiglibor. the Na- 
tional Advisory Committee for .Aero- 
nautics, located a few miles awav at 
Langley h'icld. 

lire aerial jeep will incorporate twr) 
or more ducted fans of the type already 
flown in the llillcr Flving Platform. 
Typical entrv is 10 bv '20 ft. in size, 
grosses 2,500 Ih. and can carry a 1,000 
lb. payload. It lias a low silhouette. 
Range is limited to 25 mi. and speed 
to 50 kts. It is capable of mounting 
radio equipment, machine guns, or a 
106 mill- rifle. 

Many of the 28 designs now under 
consideration came from industry 
volunteers who were urged to study the 
Army's special problem .iiid suggest a 
solution. 

Natiirallv, tlieir proposals arc less 
complex tfian a full design, but thev 
must contain enough infonnation to 
pennit sound evaluation. 

Contract Due By July 

TRECOM hopes to let a contract for 
one vehicle before the end of the cur- 
rent fiscal year. It is anHeipated that 
US.AF or the Navy will write final 
specifications if Army decides to pro- 
cure an end item. 

Other current projects being ei'alu- 
ated include; 

• Dcsigu study of a 250 hp. free shaft 
turbine engine. Proposals have been re- 
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'TOURING IT ON”- 

with Iron-Powder Electrodes 


High-production quality welds are easy for the 
operator who uses P&H Iron-Powder Electrodes. 
Powdered metal in the coating raises thermal 
efficiency, providing speed of deposition and bead 
smoothness that approach submerged arc welding. 

Typical applications include railroad cars, con- 
struction equipment, bridges, shipbuilding, foundry 
equipment, tanks, and piping. 


Write for Bulletin R-29, “P&H Smootharc Weld- 
ing Electrodes,” for full description and specification 
data. Address Dept. 3I2H, Hamischfeger Corpora- 
tion, Milwaukee 46, Wisconsin. 

HARNISCHFEGER 

WELOERS ■ ELECTRODES ■ POSITIONERS 
MILWAUKEE A6, WISCONSIN 
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ccivcd from four manufacturers. The 
unit will have application in lielicop- 
Icrs and VTOL/STOL aircraft as well 
as commercial light planes. 

• Two-man observation helicopter. Six 
manufacturers have study contracts to 
determine feasibility of the idea. Opti- 
mistic goal set by Army is to find an 
aircraft that will cost about a third 
of present models. 

• Vertical takeoff and landing aircraft. 
Test beds ate being built bv such firms 
as Rran Aeronautical Co.. Vertol Air- 
craft Corp.. Doak Aircraft Co, and 
lliliet Helicopters. 

Other Agencies Aid TRECOM 

In all, TRECOM has about 125 
items on its active list, ranging from a 
study of the effect of atomic blast on 
Army aircraft to improvement in air- 
craft mooring equipment. 

There arc about a dozen test bed 
projects, a number of them being 
e.irried out in cooperation with the 
Office of Naval Research, Navy’s 
Bureau of Aeronautics or US.AFs .\ir 
Research and Des’clopment Command. 
.^Iso included arc NACA, the Civil 
.^ctonautics Administration and other 
agencies. 

To simplify TRECOM’s relations 
with other agencies and provide a single 
point of contact, Army now inainhiins 
a Transportation Corps Aviation Field 
Office at the Wright Air Development 
Center, VVright-Patterson AF'B, Ohio. 
One staff member also is based at 
ARDC headquarters in Baltimore. 

Under the field office at Dayton are 
project offia'ts located permanently at 
such standard stations as the Nav.il 
Air Training Center, P.ituxent, Md.; 
Bureau of Aeronautics, Washington, 
and the Air Force Flight Test Center, 
Edwards Al'B. Calif, 

Army Aviation Board's Relo 

Actual military characteristics of new 
•Army aircraft arc prepared by the Con- 
tinental Armv Command. F’t. Monroe, 
Va. Key sector of CONARC is the 
Army Aviation Board at Fort Rucker, 
.Ala. 

The transition here from TRECOM 
to the board— and back again— is one 
that must be followed closely by the 
industry, but the job is made easv. Tlie 
reason, again, is economy. 

An industry briefing program is held 
at Ft. Rucker at tegular intervals. It 
is set up to permit competent manu- 
facturers to present new proposals and 
discuss future possibilities. 

Authoritv for this tight liaison be- 
tween Army and industry is found in 
the Army regulation on research and 
development of materiel. 'The regula- 
tion admonishes: 

"Any tendency to isolate the using 
agency from technical problems in- 
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Illustrated are a few of the many Deirtn Specialized Fastening Devices designed 
to help solve your critical fa stening problems! 

— hTjSf* 

- - ' 4 H-T 3 specific 

fastening problem? ' 

THE DEinON COMR%lW.DVC. 




T oday’s headlines tell of rockcc- 
pcopclled guided missiles chat 
soon may be able to travel 400 miles 
high at 10,000 to 15.000 m.p.h. These 
fantastic weapons can -well be the key 
CO pccmanenc peace among nacions. 

Now being built for guided mis- 
siles are hard-working Thompson 
Auxiliary Power Units. These busy, 
complex units supply "muscle" 
power for steering controls, radar 
mechanisms and intricate Comput- 
ing gear that guide the missile un- 
erringly to its target, near or far. 

Some of these Thompson 
"A.P.U.'s" can be slipped into your 
pocket; some are as big as office 
desks. They range from 100 watts to 
60 horsepower in output, and from 


a fraction of a minute to several 
hours in predetermined operating 
life. Each Thompson unit is highly 
accurate, even at extremely high 
altitudes and supersonic speeds. It 
withstands extreme temperatures, 
rapid acceleration and friction. 

Thompson "custom-engineers” 
every unit. Each is a highly intricate 
system involving many specialized 
electrical and mechanical devices, 
fuel systems and generators. Yet, 
all are blended into one compact, 
efficient package to meet the 
requirements of our defense. 

Behind Thompson are 55 years of 
automotive, aircraft, mechanical and 
electronic experience. Thompson 


has the engineering skills and the 
laboratory, testing and manufac- 
turing facilities to solve complex 
scientific problems. Many different 
industries have learned they can 
coiinl on Thompson to come up with 
parts and components that do the 
job right. Thompson Products, Inc., 
General Offices, Cleveland 17, Ohio. 

Youeancouitton 
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tuiurtna end mnisement Thompwo offer, fine oppomiaitiee in rcMBrch. develop 
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voivcd in tcsearch and development, 
or the research and dcvclopnrent con- 
tractor from USCT rcquitcmaits as em- 
bodied in military characteristics, in- 
tiodnccs inflexibility into the rescaith 
and development system. . . 

Visits by contractors to such units 
as TRIiCOM and the .\imy Asi.ation 
Board at I't. Rucker arc cncoungcd- 


• ARMY 

Military dependence on industry 
know-how is nothing new. But .^rmy 
avkition. with its unique interests in a 
science tirat is der’oting more and moVc 
attention to the missile age, provides 
some real opporlonilies. 

Tlictc is strong evidence tliat indus- 
try is aware of this challenge and will 
meet it. ■ 


Principal Army Missile Contractors 

Piihiic of Army's part in development and nsc of ballistic missiles, at least those 
of any great range, has been put in doubt bv Defense Secretnrv Charles E. Wilson’s 
deeUiuns on rales and missions and the u|icuming evaluation of the Army Jupitei 
IRBM against the .Air Force Tbor 1. 300-mile missile. 

Meanwhile, Aniiy eoiiHinics lescarth and development on intermediate range 
missiles at its .Army Ballistic Missiles Agency, located on 3,000 acres of the 
40.000.3cre Redstone Arsenal at Huntsville, Ala., and through a network of con- 

Work on its stable of shorter range rockets and missiles, which incUides the 
Hawk. Nike*A|ax and Nike-Hcrcules, Cutporal. Dart, Honest John and Little 
lolin. Lnerossc. Sergeant and Redstone, continues at Redstone and through indiLV 
trial firms. Testing Is done at Redstone and at White Sands Prosing Ground, 
N. M„ and Air Forae Missile Test Center. Patrick AFB. Fla, 

Here is a list of Army's principal niissUc contractors: 


Western Electric Co,, New York 5, 
N. Y. 

Bell Telephone Laboratories, Inc., Whip- 
pany, N. |. 

Grand Central Rocket Co., Redlands, 
Calif. 

Acrojet-Gciicral Curp.. .Ar.nsa, Calif- 

7'hiokol Chemical Coi|).. Trenton. N. J. 

Rohm & Haas Co., Philadelphia. Pa. 

Radio Corp. of America, Camden, N. J. 

Raytheon Maimfachiring Co., AA'ahham. 

Douglas Aircraft Co., Inc.. Santa Mon- 
ica, Calif. 

Rheem Manufacturing Co., Downey, 
Calif. 

Calif. Institute of Technologv, Pasadena, 
Calif. 

Carboruiiduiii Corp., Niagara Falls, N. Y. 

Martin Co., Brsitininic, Md. 

Cornell Aeronautical Lab., Inc., Buffalo, 
N. Y. 

Minncapolis.lloncvwcll Regulator Co,, 
Miimeapnlis. Miim. , 

Aircraft Aimanicnls, Inc,, Cockevsville, 
Md. 

Sanders .Associates. Inc,. Nashua, N. If. 

S|ietr\' GsTOSCopc Co.. Long Island. 

N. V- 

Eastnian Kurlak Co.. Rochester. N. Y. 

General Electric Co.. Scheiicetady. N. Y. 

Firestone 'I'ire &• Rubber Corp.. .Akron, 
Ohio 

B. F. Goodrich Co.. .Akron. Ohio 

Santa Barbara Research Center. Santa 
B:irbara, Calif. 

Reynolds -Metal Co., Lonisvillc, Ky, 

Armour Research Foundation, Chicago. 
III- 

CilfUlan Bros.. Los -Angeles, Calif. 


AeropfiYsies Development Corp,, Santa 
Barbara, Calif. 

H. A. W;ignct Co.. Los Angeles. Calif. 
Emerson Klecftic Mfg. Co., St. Louis, 
Mo- 


Franklin Institute. Philadelphia, Pa. 
'I'cxas Instrument Cn.. Dallas, I'cv. 
N'otihrnp Airerafl. Inc., Hawthorne, 
Calif. 


Jose, Calif. 

Svivania Electric Products Co., \\'’al* 
tham. Mass. 

Bendix (hoducts Division, Nfisbawuuka, 
livd. 

.Allcganv Ballistics Laboratory, Ridgcly, 


W. Va. 


Caywood-SchiUcr, Chicago, til. 

Institute of Cooperative Research. Bal- 
timora. Md. 

Oiin-Malhicvon Corp.. Ness York, N. Y. 

Hercules Powder Co., AA’ilminglon, Del, 

Consolidated AVestcra Steel. Los .An- 
geles. Calif. 

Karrand Optical Co.. New A'otk, N. Y. 

Gondvear Aircraft Coqi.. .Akron, Ohio. 

Bulovu Rsncarch &: Development Corp., 
Ixmg Island, N. Y. 

Federal Tclecommunicatious Labs.. Nut- 
ley. N. (. 

Chrysler Corp., Detroit, Mich. 

Nortfi Amciiean .Aviation, Inc., Los An- 
geles, Calif. 

Ford liisttiinient Co., New York, N. Y. 

Stanford Research Iiistiliitc, Palo Alto, 


Westin|liousc Electric Corp., Pitts- 
burgh, Pa. 

Motoralu. Inc,, Phoenix, Artz. 

Cook Research Laboratory. Chicago, III. 
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Altitude, temperature, vibra- 
tion and shock — application 
hazards aboard the high 
flying, high speed USAF 
Northrop Snark, interconti- 
nental guided missile — are 
all in a day’s work for tough 
Rheem Power Amplifiers. 


engineered to deliver 


The REL-09, Miniature RF Power Amplifier, has 
widespread application in airborne telemetering systems. 
To ensure reception of high quality signals, step up 
the power radiated from your airborne equipment. 
Select the power amplifier which normally exceeds your 
requirements for vibration, shock, temperature 
and altitude. Use the Rheem REL-09 for 
consistent results. Power output— 11 watts; 
Input Drive— 1.4 watts. Detailed specification, 
price and delivery will be 
furnished promptly on request. 


RHEEM MANUFACTURING COMPANY 


S Electronics Division 

7777 INOUSTSY AVENUE • RIVERA, CALIFORNIA 
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CAA Center Tackles Traffic Control 



By L. L. Doty 

Indianapolis — Automatic control of ait traffic and the introduction of 
Vortac as a common system arc undergoing intensive shake-down evaluations 
by the Civil Aeronautics Administratiiin’s Technical Development Center. 

Development of an aiiwavs and ait traffic control system that is expected 
to handle more than 30 million take-offs and landings annually within a 


decide holds top piiority among 
Research and evaluation of an auto- 
matic control system has been under 
way for several years, ^\'o^k on Vortac 
ground and airborne components began 
shortly after Vortac was adopted as the 
U.S common navigation svstcin early 
last tall (AW Sept. \ p. 41). 


55 current projects. 


Common System Tests 

TDC presently is experimenting with 
airborne, Tacan-compatiblc DME units 
and is conducting in-scr\'icc tests to 
impro' C Tacan ground equipment, with 
emphasis on sighting, dish 
and high-angle coverage. 

Vortac combines the distance-meas- 
uring cliaractcristics of Tacini with 
VOR/ILS. It is a compromise solution 
to a six-vear debate bctu’ccn tlic inili- 
tarv, wli'ich favored Tacan, and ci'il 
which advocated VOR/DME. 


CAA wants all units fully tested and 
es'iiluatcd before ini|)lemcntation begins, 
to present unnecessary breakdowns of 
llie overall system. A .similar procedure 
was followed in the programs assigned 
to VOR and ILS before they were in- 
stalled for general use. 

Projected program calls for 1,230 
N'orfac and iS9 ILS-TAC stations by 
1965. Funds required by CAA in the 
next six vears for purcliase of airways 
equipment u’ill amount to an estimated 
5S10 million. 

Organized in 1939 

Ibc Technical Development Center 
was organized C.4A in May, 1939, 
tor research on and dcs'clopmcnt of 
projects and products used b\' C.\.\ in 
performing its missions. Tlie center is 
located on the outskirts of Indianapolis’ 
Weir Cook Airport. It employs about 
100 tccluiicians, engineers and their 
aides. 

In a first step ton’ard automatic air- 
wavs control, TDC is developing a 
serni-automatic air traffic control co- 
ordinating system that employs elec- 
tronic data processing (dutaniation) to 
case the burden of air traffic controllers. 
Purpose of this part of tlic system is to 
eliminate hand-written flight progress 
strips and the slow transmittal process 
of filing flight plans and transferring 
flight information from one control cen- 
ter to another by telcplionc. 

M in the case of otlicr TDC research 
and development projects, datamation 


will be iiitroduecd piecemeal to sini- 
jilify transition and provide complete 
assurance of a fail-safe system. 

Under the datamation system, flight 
Ilians will be filed by means of a push- 
Isutton handset, .similar to computers 
recently adopted for airline rcsers-ations. 
Also under study are perforated tajjcs 
or puncli cards for automatic trans- 
mission of information. 

To route the data into tlic proper air 
traffic control center, autonratic telc- 
■crage type s'vitcliing centers will be installed. 
Here, information will be fed into a 
digital computer and a magnetic stor- 
age drum, 

'rite c(im|)Uter will determine how 
manv fliglit jirogtess strips arc required 
for a given fliglit and at what time the 
flight will pass over each radio fix. 


Teletype printers in each center will 


|3rint the informution on the strips, 
wliich w ill be inserted manually by con- 
trollers into strip holders .similar to 
those no'v in general use. 

Here are tlic equipment requirements 
for this progiam; 

• Teleti'pewritcr coininunications sys- 

• riight-plaii input device. 

• General pnr])OSc computer with mul- 
tiple input and output capabilities. 

• Automatic printers for jireparing flight 

Electronic Display Sought 

Esentualb-. TDC hopes to replace 
conventioiiai, autoniaticany-prcparcd 
fliglit strips with electronic displays em- 
ploying catliodc ray tubes, sucli as the 
Coilvair Cliar.icttoh or Huglies Tipo- 

Disphiy iiifotmafion will emer each 
fliglit automatically and when re- 
lisioiis of cstimalcd time over fixes are 
reported to the controller, corrected 
flight data will be fed automatically 
into magnetic storage. 

TDC seeks as its ultimate goal in 
this field the application of ‘'fine grain" 
position iiifoniiation tliat is produced 
by radar, air-ground data links on tele- 
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CECOSXAMP 





THE CECOSTAMP rom responds immediately and 
accurately to finger toucli control oi tlie operator, 
producing rmpocf blows and squeezes that form 
the metal to a permanent set. This is an exomple 
oi a job in which reversing contours are formed 
to accurate dimensions with o minimum of wrinkle 
and with no spring-back. A wide range oi blows 
and squeezing action is available in any com- 
bination needed. In addition to its production 
efficiency, the Cecostamp offers advantages in 
operating and die production economy, in versa- 
tility and in safety. 

Send for Bulletin 30-L-5. 




PROVEN 

beyond 

QUESTION 


AMPHIBIOUS 

FLOATS 


iiictcrhig tcdinkjiics. 'lliis objective will 
prosidc controllers with a pictorial dis- 
play of aircraft positions as well as the 
electronic flight progrc.'i.'i display, 

Other advantages uill be a reduction 
in pilot-controller coiiiniunicatioiis and 
an improvement in airspace utilization 
through more efficient use of position 

Sometime tiii.s year, TilC hopes to 
begin a full-scale csaliuition of the 
projected program. ;\t the present time, 
a magnetic dunn message storage and 
processing unit and automatic flight 
data displays base been dcsclopcd un- 
der a project sponsored by the Air 
Nasigation Development Board. 

This eejuipniciit has been combined 
with an automatic tclctypcnritcr switch- 
ing center for evaluation of the early 
steps in the o\or-all program. Up to 
now, sufficient funds hase not been 


asaihiblc to include computing feature' 
in the magnetic drum storage unit but 
installation of a computer is schcdnla! 
lor this fall, 

Meannhilc. trained operators base 
been used to ceccisc flight infomiatiou, 

store fix piisting messages in the drum 
for subsct|ueiit read-out to the con- 
troller displays in sinnilation of auto- 
matic eiimpulatinns. 

DcscTopment of the air traffic aiiitio! 
coordinating equipment lias been under- 
way for seieral vears at the T'edniieal 
Dcielo|jnient Center, .\ticial funds ob- 
ligated for operation of TDC in I'iscal 
1957 totaled 51,156.000. Appropria- 
tions rcque.sted for l''iscal 1958 amount 
to 52.821,000, Many of the research 
and deveiopnicnt projects arc sponsored 
hv ,ANDB, USAl'', Navy and Army. 

I'dr esampic, teclmieal and opera- 


Nearly one hundred sets of Edo 
Amphibious Floats arc in daily 
use around the world, piling up 
proof of their stamina, provid- 
ing their owners with untold 

On rough gravel strips north 
of the Arctic Circle, in scheduled 
airline operations in the North- 
west, speeding oil drilling opera- 
tions in Louisiana and South 
America. ..aircraft with Edo 
Amphibious Floats are proving 
beyond question the advantages 
of such flexibility of operation 
and the ruggedness of Edo’s thor- 
oughly proven amphibious gear. 


FIRE DETECTION tests oi> jet engines are nin in this 175 mpli. vind tumid, powered by 
-1,200 bp. motor. Capability is limited to smaller engines for comprelicnsii-c testing. 
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SYLPHON' BELLOWS FLEXIBLE CONNECTORS simplify design 
and operation of STRESS-LOADED AIRCRAFT COMPONENTS 


Fulton Sylphon Stainless Steel connectors possess 
enormous built-in fatigue resistance. They stubbornly 
withstand high temperature and pressure stresses; vibra- 
tion, pulsation and shock conditions; constant flexing 
and the corrosive action of synthetic lubricants and 
certain gases. 

These versatile connectors are available, to specifi- 
cations, in numerous shapes and sizes to connect shafts, 
pipes, misaligned and/or shifting terminals. Single or 
multiple ply types . . . and braid-covered construction. 



Mr.CseM 




when indicated, to offset various abrasive and heavy- 
pressure conditions. 

Sylphon Bellows Flexible Connectors are made by 
America's foremost manufacturer of bellows and bellows 
assemblies for innumerable applications. Engineering 
skiUs and production know-how are rooted in 52 years 
of specialized experience in this field. 

For complete design and catolog data, send for En- 
gineering Bulletin 1400-LA. 


FULTON SYLPHON DIVISION 

Knoxville 1, Tenn. 
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tioiial evaluation of the air traffic con- 
trol radar beacon system is being con- 
ducted with ground and airborne 
cejuipment furnished under Navy De- 
partment contracts sponsored bv the 
ANDB, 

Tests on secondary radar systenr con- 
ducted by TDC show that use of dc- 
fruiting equipment which rejects unsyn- 
chfoniztd replies is nccessarv' to present 
deterioration of air traffic control delays. 
According to D. S. Crippen. chief of 
tlic Facility Esaluation Br.mdi, a rela- 
tively small amount of fruit can cause 
serious degradation of displays. 

Crippen says tests of a delay-line type 
of dcfniitmg equipment dcscloped by 
the Nava] Rcscarcli Laboratory demon- 
strate that deftuifing equipment can be 
cffcctisc. Equipment consists of de- 
layed and undclavcd video channels 
which ate connected to a coincidence 
dctector- 

Coincidence and s idco output occurs 
when video signals liasing the same 
pulse repetition frequency of the inter- 
rogator arc rcceiscd, according to Ctip- 

The center has procured temperature- 
controlled quartz delay liiic-asscmblics 
for installation in the ASR-2 radar and 
the Naval Research Laboratory defruit- 
ing equipment to determine feasibility 
of using temperature control to main- 
tain delay relationship of radar and dc- 
fruiting equipment lines. 

Under this same program, TDC is 
conducting tests of the Rival Elec- 
tronics laboratory radar decoder that 
writes the code number on an auxiliary 
indicator called the Matrixatron. Ulti- 
mately, TDC wants a decoder that 
shows a code number next to the target 
on the display so that both identity 
and position of aircraft c-an be read to- 
gether. 

Long-Ronge Radar Needs 

TDC is doing extensive evaluation of 
long-range radar for ainvays traffic con- 
trol, Present need is a display bright 
enough to be seen under daylight con- 
ditions in control towers. The latron 
projection system is being studied as 
one possible means of producing a pic- 
ture 16 in. in diameter and of sufficient 
brightness. 

■PDC wants a display witli good reso- 
lution and controllaole erasure, and one 
tli. 1 t is inherently stable and trouble 

A Panoramic Air Traffic Control Dis- 
plii'- that projects the radar picture onto 
,1 large map-type plotting table also is 
being studied. RAFAX narrow band ra- 
dar remofing equipment and broad- 
Ijand remnting o\’cr a link provided by 
tlic American Telephone and Telegraph 
Company also have been given tech- 
nical and operational tests. 

Laboratorv tests of all-weather run- 
way lights have been conducted at 
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I division 

DAirSmdM PACIFIC CORPORATION 

I 


10 NfBRASKA AVENUE 


MONICA, CALIFORNIA 
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FLOATED FREE GYROS 

Fully lloalad and incorporaUng 
'letlc dnign, they operale 
leu than 0.5* per mlnule 
ge drill while exposed to 
ion ol ±15 G's Iroin 10 lo 
ps. Available with torcfuers 

or wli^olentiometers and eles- 
liomeehanieal caging. Motors 
ovailable lot 115 or 200 V. 400 


MINIATURE FLOATED RAH GYROS 




n AN U 


>r AC 0 


diameter. Wei9h!-1.15 lbs. Adaptable 

menu. Vibration. 15 ^s 10 lo 2500 
eps. Accellerotion. 100 G's along any 
axis. Shock, 150 G's lor n milUseeonds. 




length. Weight, 0.6 Ibs.Vibi 


Available wilb 26-voIt. 400 cycle motor 
and 400 cycle pickoll. Integral 
demodulator optional. 


The floated rate and free ?yros are just several of DAYSTBOM 
PACIFIC corporation's precision instruments in produc- 
tion. All are designed to fulfill exacting requirements. Among 


FLOATED VERTICAL GYROS 

MISSIli FIRE CONTROL INTERVALOMETERS 
RELATIVE WIND TRANSDUCERS 

SPECIAL ELECTRO-MECHANICAL COMPONENTS 

Specifications and Installalion Drawings Available on Request 
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The human eye is a remarkably sensitive instrument. But it is no match 
for the image orthicon TV camera developed by Admiral for the Armed 
Forces. Light from an ordinary match reveals as much to this TV camera 
as a man with 20/20 vision sees in the light of a 150 watt bulb. Obviously, 
the armed services will find countless ways to use this sharp-eyed observer 
for reconnaissance under adverse conditions. 

Admiral developed the special circuitry that gives the image orthicon its 
amaiingly keen ‘'eye sight" For all its extreme sensitivity, there is no 
penalty in excess bulk or weight. 

1 ‘‘packaged" the unit to permit its use not only for 

mcnt of the image orthicon again demonstrates Admiral's engineering 
capabilities in the field of military electronics, Inquiries are invited. 



Admiral 
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TDC, and a type of narrow gage El- 
fiika light buried in the runway and 
protected by steel grids have been flight 
tested at Andrews Al'B, hfd. 

The center also is interested in high- 
intensity fluorescent runway flood lights 
niiinufacturcd by Syhania Electric Co. 
These spread a sheet of light over 715 
feet of runway to pick up strip markings 
of himinous paint imbedded with alu- 
minum silicate crvstals. 

The center is analyzing the effects 
of flying objects against aitcraft through 
the use of a compressed air gun that 
will propel the carcass of a chicken up 
to spcctfs of 2.000 inph. 

Tests are being conducted on the 
effect of ingestion of birds into turbine 
engines and on windshields of high- 
speed jet transport aircraft. Components 
of the gun consist of a compressor and 
related equipment that prosidc an air 
supply up to a maximum 500 psi., two 
large tanks for storing air under pres- 
sure, a loading brccch and a 41-ft. bar- 
icl, 6 inches in diameter. 

Fire Studies Emphasized 

A major research and des’clopment 
project operated by the Technical De- 
velopment Center involves the study 
of fire protective and prcs'cntativc meas- 
ures in the air. These include develop- 
ment of helicopter crash-fire protection, 
explosive hazards associated with fuel 
ingestion in turbine engines, fire detec- 
tion requirements nf the |57 installed 
ill a Boeing 707 pod and an cs-ahiation 
of the C-150 fire extinguishing svstem. 

T'DC is the onlv place in the United 
States where u'ind timncl tests for fire 
defection are conducted, although the 
175 mph. wind tunnel is inadequate for 
jet engine tests. Consequently, a com- 
nrc.ssor-tspe of blower operated b\' a 
5,^00 hp, electric motor has been in- 
.stallcd for testing flame paths nf a f57. 
The unit will produce sclocitics up to 
600 mph. to simulate in-flight opera- 

TDC also is doing cxtcnsisc research 
on mid-air collisions and is conducting 
a series of siirsevs to dctemiinc leading 
factors contributing to the collision haz- 
ard. fligh intensity aircnift lights, con- 
spiciiitx' dci'iccs, cockpit visibility re- 
quirements and proximity sensing 
mechanisms are being screened in a 
major effort to eliminate collisions. 

Other projects currently under studv 
by TDC: 

• Dcs'clopmcnt of fittings for niptnrc 
proof tanks. 

• Determination of feasibility of licli- 
eoptcr blade bonding. 

• Tests on load transmission through 
flexible pas'cmcnts and base courses. 

• Development of methods to reduce 
\'OR course scalloping. 

• Dcsclopmcot of directional localizer. 

• Standardization of receiver, monitor 

and signal generator. ■ 



SWITlSiK 


Todoy's greofer 
speed and 
greater distance 
moke it essential that 
better safety equipment 
be provided for those 
who fly the skyirails. 
Swillik points the way 
to belter, more compact, 
lightweight, air, sea 
survival equipment with 


of aviation research 
and moss produclion of 
oir sofefy equipmenl. 
Write for Coio/og 


JOIN 

TITANIUM 
ASSEMBLIES 
BY BRAZING 

Special Process for Brazing 
Titanium and Titanium Alloys 
Provides Many Advantages 


ir special brazing facilities and skills, you can now 

1 economy. Vacuum-type furnaces are used in silver 
ae time, as in the case of the 

experimental heat exchanger shown. Our fluxless brazing process 
provides high joint shear strengths (21,000—25,000 PSI), with 
no distortion, oxidation, or loss of ductility. Annealing, stress 
relieving, and degassing of titanium alloy parts is also a regular 
part of our work. Contact us for more information. 

STAINLESS PROCESSING DIVISION 

WALL COLMONOY CORPORATION 

-19345 John R Street • Detroit 3, Michlpen 


SWITUK 

FOR 

SURVIVAL 
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Enjay Butyl “today's super - 

improves pipeline protection.. 

PKcoflex® Tape Coating, revolutionary new pipeline wrapping developed by Plicoflex, 
Inc., combines the outstanding protective properties of Enjay Butyl Rubber with 
the identification properties of a color-bearing plastic film to which the Butyl is 
laminated. Applied over an Enjay Butyl based primer and forming a permanent 
bond to the metal, the tape features: absolutely no moisture migration or penetration; 
exceptional resistance to shock-impact; excellent dielectric properties, and out- 
standing reaatance to normal and unusual corrosive influences. This cold-applied 
wrapping is lafer and cheaper to apply by hand or machine than hot coatings and 
requires fewer personnel. 

This is still another in the steadily growing number of products developed with 
Enjay Butyl Rubber. Contact the Enjay Company for complete information about 
this truly mnder rubber . . . where it can help you! Complete laboratory facilities, 
fully staffed by trained technicians, are at your service. 

© Pioneer in Petrochemicals 

ENJAY COMPANY, INC., 15 west SUt street, New York 19 , N. V. 

AAroit • Boston • C/iicogo • Los AngeUi • New Orleans • Tulsa 




rubber 

..cuts costs! 



BUTYl 


Enjay Buiyl is the super-durable 

chipping • cracking . oxone and 
corona • chemicaLs • gn-ses • 
heat • cold • sunlight • moisture, 
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THE CURTAIN OF FIRE Air protection for whole cities and strategic areas is no longer in the 
"taiking'' stage. It is now being installed-a combination of the deadly fire of NIKE anti-aircraft weapon batteries 
and the U.S. Army Signal Corps' new Martin MISSILE MASTER, A.s the country's first electronic system designed 
to provide an integrated screen of radar aurveillunce, target detection and fire coordination, MISSILE MASTER 
make-s possible peak effectivene.ss of anti-aircraft missile battery operation. A measure of the critical importance of 
MISSILE MASTER is the fact that the system already has been designated for a number of our most vital civilian 
and military areas. It is one of the most significant defense developments of our time. 
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ClrcTrNu,TlbBr»1 on SeoSar Servicg Cord 


19S 



NEW 








yiOHUIfl 


CONVAIR rocket 


Industry 


AVIATtON 


3. 1«7 


J97 





ver the years the precision, 
ruggedness and reliability of EEMCO 
products has been proven time and 
time again. The consistent, excep- 
tional performance of these low- 
weight, high output motors, a few of 
which are illustrated, has earned 
EEMCO industry-wide recognition. In 
this highly specialized field, where 
perfection is imperative, the wide- 
^read use of EEMCO motors and of 
EEMCO’s equally reliable actuators is 
eloquent testimony. 


Type:D-899fl0fl cycle 3 phase AC Molof. 
Wtithl: 11.25 lbs. Volts: 200 volts 
lead: 2.75 hp continuoiis output. RPM: 
3140 rpm output al pear box. Power 
factor: 83%. Overall efilciency: 76% 
tor eritrre unit. Meets Military Specitica- 
tion MIL'M.7965A (ASG). 


Type: 0-927 DC Motor. WalzhI: 7.25 lbs. 
wlih 2-cl'cult noise filter lor ungrounded 
systems. Weijhi ol liller: 1 lb. Taraiinal 
voltage: 27 volts, 18 amps. Uad: 0.5 Kp. 
Speed: Continuous at 9900 ipm. Meets 
Military Spocltication MIL-8609. 


C^EMC^) ELECTRfCAL ENGINEERING & MANUFACTURING CORP. 

4412 Wefl iefferion Boulevord, loi Ange/ei 14, Coli/ornio-Te/ephonB Mpublic 34)15? 

DESIGNERS AND PRODUCERS OF MOTORS, LINEAR AND ROTARY ACTUATORS ... EXCLUSIVELY 1 



WILLGOOS TURBINE luboiatoiy. »itb altitude cliamhcr in roicground :md sou level test cells ut (at liglit. 


United Has Proved Value of Research 



United Shares Philosophy 

.'\n CKiimplc of Prntt &' Whitney’s 
clctenninatioii to adlicrc to this de- 
velopment pnlicv n-as tlie creation of 
tlie Andrew Willgoos Turbine Labora- 
tory in 1950. 

Tliis laboratory is the most advanced 
and e.ictcnsivc privatcly-omied jet engine 
test facilitv ever built. 

Initial cost was around SI 2 million, 
which was greater than the company’s 
net profit that year. 


By J. S. Blitz 

East Hartford, Conn.— Pratt & ^^'hitney Division of United Aircraft Corp. 
was conceived, born and lived its corporate life by the principle that an aircraft 
company must constantly finance and direct an extensive private research and 
development pil^ram if it is to maintain kadersliip in its field. 

I-'rcdcrick W. Rcntschlcr, P&A\'' 


founder, resigned the presidency of the 
W'right Aeronautical Corp. in 192T to 
form a company around that philos- 
ophy. Within a year he had secured 
the financial backing and personnel to 
form P&-W. 

The initial engine produced bv this 
small group was n signal success, and 
PS.-W has since risen to a position of 
prominence in the aircraft engine field. 

Tlic company feels that this is chic 
in large part to the imestment of a 
sizable percentage of its net earnings 
toward the continuous iniprovc-ment of 
the c.xpcriinc-nhi! facilities ai-ailable to 


ring 


taff. 


This unusual expenditure and the 
constant improvement of the WillgoO' 
facility have been amply justified by the 
success of the J57 and J75 engines. 
Production orders for these two engines 
lime helped insure the company’s fu- 
lure fur a considerable period. 


Pratt & \\'hitncy’s philosopliy has 
been accepted and continued by 
United's other corporate members— 
I lamiltnn-Stniidard and Sikorsky Air- 
craft. 

Government Facilities Policy 

A basic difference exists between the 
managcmiciits of sonic aircraft com- 
jianics and the govcnimcnt ,\s to who 
should pay for and direct cxpcriincntiil 
facilities. Ciirrcni contract renegoti- 
ation proccdiitcs and otlici goiem- 
mental controls generally limit an air 


(liesc modem facilities, tailored to 
the task at hand, lunc allowed Pd:^V 
development programs to proceed inucli 
mote rapidli- than a program dependent 
on goicmmciit. imiicrsity or cooiacta- 
tii c facilities, with their inevitable wait- 
ing and limited testing periods. 



id’s largest manufacturing facility for aircraft seating 
, . . for aircraft interior equipment 


which of these WEBER 
seats are standard 
equipment on the 
Boeing B-52?*' 



For the part that Weber plays 
in today's B-52's, consult the foot- 
note. However ... In Weber, there is 
a “Department of Tomorrow': To build 
well— for today’s aircraft, is only part of 
the story. 

RESEARCH has brought leadership to Weber. 
Escape systems are an example: more Weber 
designed ejection seats are flying today than any 
other independent firm. And Weber is readying designs 
for safe ejection systems to meet the ever more critical 
environments in which tomorrow’s flight vehicles will operate. 



WEBER AIRCRAFT CORPORATION 

o subtiiiary of Weber Shouicaae and Fixture Company, Ine. 
seao ONTARIO street, burbank, California 



craft company's net ptofits to about 3% 
of total sales ot less. Any privately 
owned and directed test facilities must 
come out of this nef profit. 

Many nianufacturcts feel that their 
net jjrnfits arc not great enough to 
allow any large expenditure and still 
return a fair dividend to their stoch- 
holders and keep suitable cash rcscac. 

These firms are not leasing thcin- 
sehes without the means to carry out 
a dc'clopniint program, but tliev are 
forced to coordinate tlieir use of outside 
faeilities with other companies. 

Numerous as outside facilities arc to- 
day, a company relying on thc.se alone 
is limited in many cases to the speed 
with whicli work may be accomplished 
and to the type of results obtained. 

The gos'crnment has built large fa- 
cilities adjoining many of these com- 
panies' plants, but it Iras retained onii- 
ership and in some cases partial 
management control. In anv esent, 
these governmental gifts usually ma- 
terialize several years after the need 
for them Iras become apparent. 

Officials at United liavc stuck with 
their original coirs'iction that superior 
prisatc dcs'clopmciit facilities were \ital 
to their operation, and have contimicd 
to build them out of their net profits, 
regardless of what the profits were. 

But P&\\' joins most other aircraft 
manufacturers in the belief that mote 
mnnes' should be allowed for pris'atc de- 
velopment of research and dcselopmcnt 
facilities. 

One point in tasor ot the manufac- 
turers are the generally higher profits 
realized in most other U. S. industrie-s. 

E. I, du Pont dc Nemours & Co., 


Inc., is not typical, but its operation 
is indieatis'c of «liat is being accom- 
plished by some firms outside of the 
aircraft industry. Last year du Pont 
invested arouuei 5% of its total sales 
in research and development. Even 
after tliis large expense, the companv 
had a net profit of 19.8% of total sales. 
Willgeos Laboratory 

'Die Andrew Wiligoos Turbine Lab- 
oratory is Pratt & W’liitney’s priiiuiry 
development tool. It is constantly 
being enlarged and improsed, and at 
the present time it comprises elcs’cn 
large test cells, with a power generating 
capacity of SO, 000 hp. to run the com- 
pressors, etc., used in jet engine testing. 

Tire laboratory was first operatra 
seven ycanr ago. Growtli since the in- 
itial SI 2 million investment has brought 
tire present worth of the facility to 
about S40 million. 

Three of the clcs’cn test cells at the 


\Villgoos Laboratory will accommodate 
complete jet engines, simulate altitudes 
to 70,000 ft. and maintain temperatures 
from —701'' to 150K. Engines o\cr 
20,000 11). thrust may be tested over 
tlicir complete power range at all alti- 

Another ceil is equipped with a 10.- 
000 lip. dynamometer to test propeller- 
turbine engines, pure jet engines or their 
turbines alone. T liis cell also will sim- 
ulate altitude to 70,000 ft. When the 
turbines are tested alone, a heavy steel 
blow-torch like affair is used to simulate 
the jet engine ahead of the turbine. 

Six smaller altitude cells arc pro- 
sided to test burner units and turfiinc 
nhecls by thcinsclses- Another large 
altitude cell is used for compressor 
testing. It is equipped with a M.500 
hp. electric motor to turn large modern 
axial-flow coniptcssors fast enough to 
coi'cr their complete oi>etatiiig range. 
The last two of the clocii cells arc for 
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NEW LOOK in navigation aids 

ARC'S Course Director CD-I, Teamed with ARC’S Dual VOR/ 
Localizer Receivers 15-D, Shares the Work with the Pilot 


More and more pilots rely on the ARC CD-I 
Course Director to determine the exact headings 
required to intercept and fly a desired VOR radial 
or runway localizer. This electronic “co-pilot” 
helps them fly with pinpoint precision, greater ease 
and increased safety, and in four simple steps. 

With ARC’S CD-I, the pilot selects his VOR or 
localizer station, sets his Course Director to the 
bearing of the desired VOR radial or localizer, 
turns his aircraft until the vertical needle of the 
cross-pointer meter is centered and steers to keep 


it centered. His ship will intercept the selected track 
quickly and smoothly, simultaneously compensat- 
ing for wind drift. The pilot performs no mental 
compulations, and there’s no chance of overshoot- 
ing the desired course. 

This reliable navigational aid adds only 10 
pounds to your aircraft. Ask your ARC dealer to 
install the CD-I, along with a dual installation of 
ARC’S Type 15-D VOR/Localizer Equipment. 
You’ll discover how easy flying VOR and Local- 
izers can be — and with new peace of mind. 



^ircraft J^adio Corporation 


BOONTON, NEW JERSEY 


• INDUSTRY 



testing complete engines under sea 
lc\el condihons. 

Pr.itt St \Vhitne\- also has numerous 
test units which base been partially 
superseded by the mote modern and 
more |X)wcrful W’illgoos Liib, but thev 
arc still operatise and provide much 
useful data. One is the compressor 
labotatots. which «-as built as an )ii- 
tcrim facility. It could not simulate 
altitude and was not powerful enough 
to test large compressors as complete 
units up to inasiiniini r|)in. 

Older Test Unit 

.Another older test unit still in use 
oil a continuous basis is the but whirl 
stand for determining the inaxiinuin 
operating conditions for turbine wheels. 
It is cimstructcd of eoncrctc and steel 
to retain turbine blades and sections of 
the wheel when tests end in destrnc- 
fion. A portion of the steel used in 
the retaining uall is in the form of 
nested washers which arc free to move. 
Tlris technique allows the svaslicrs to 
roll with the puiieh and increases their 
stopping jniner. 

Turbine tests include hot and cold 
thermal shock runs, in which temper- 
ature of the blades is thauged by l?00 
deg. in a matter of seconds; and endur- 
ance Tuos- Work in the hot whirl stand 
has been gre-.itly cx|3andcd as a result 
of an increase in power that allows test- 
ing of larger, multi-stage turbines. 

Power generating machinery fnr the 
W'illgoos Laboratorv uus pmr ided in a 
most economical manner. It includes 
four boilers from Nary cruisers which 
teed steam into four turbo-generators 
from war surplus destroyer escorts. 
Silencing Engine Tests 

Silencing engines cinder test was ac- 
coinpii.shed hv; 

• Lowering temperature and velocity of 



Critical operating examination 
of electronic products and 
systems under simulated 
environmental conditions 


Trial by Ordeal 

Private industry and government agencies 
most modern, instrumented, performance 





Here, elearonic equipment is subjected to 
trial by ordeal, analyzed and evaluated 
with respect to compliance with 
performance requirements. 

Four distinct laboratory phascrarc 
offered, all with automatic 
programming and /or recording 
of test schedules: 1/ Formuladon 
of testing techniques, 
2/ Qualification and reliability 
testing, 3/ Environmental 
testing, 4/ Engineering analysis 
and product evaluation, 

Complete engineering reports 
arc prepared on all phases of the 

recommendations for equipment 
improvement are included 
when requested. Write for illustrated 
technical folder BJ 33-116, 


ReUabilUy You Can Count Upon 



AVIATION WEEK, 


3, 1957 


203 



AND 


AIRCRAFT 

MISSILE CONTROLS 


The components shown here are but a small cross-section of the entire range of products 
we design and manufacture. Many variations of these units have been created to suit 
specific requirements. A large part of our design effort is also devoted to the development 
of complete control systems having outstanding performance and reliability. 

Wc invite you to discuss your present and future requirements on components or control 
systems with our engineering staff. Data sheets for current models are available. Please 
direct your inquiry to our plant at Danbury, Connecticut. 




MANNING, MAXWELL & MOORE, INC. 

AIRCRAFT PRODUCTS DIVISION • DANBURY, CONNECTICUT • INGLEWOOD, CALIFORNIA 

out AIRCRAFT PRODUCTS INClUDEi TURBOJET ENGINE TEMPERATURE CONTROL AMPLIFIERS • ElECTRONIC AMPLIFIERS 
PRESSURE SWITCHES FOR ROOCETS, JET ENGINE AND AIRFRAME AFPIICATIONS • PRESSURE GAUGES 
THERMOCOUPIES • HTDRAUllC VAIVES • JET ENGINE AFTERBURNER CONTROL SYSTEMS. 


• INDUSTRY 



l!ie jet exiiaust blast by running it 
liiroiigh sci'Ctal sheets of water as soon 
as it leaves the enginc- 

• Passing the gas through scrubber tanks 
and labirintlis before I’cnting it to tlie 
atmosphere. 

• Conditioning intake air .iiid p.issing 
it through taliyiintli silencers. 

More than 5500,000 was spent on 
tlic silencing system. 

Size of tlic Willgoos establishment 
is indimted by these eonipiitisons: 

• An air ptmiping capacity of 25,000 
lip., more tlian twice that used to 
ventilate both the Holland and Mid- 
town tunnels in New York Cits'. 

• Total electrical power output of mote 
tlian 18,400 kw.-cnongh to su|)ply a 
citv of 150,000 with light and power. 

• Water pumping capacits' of more 
tlian 160,000 gallons per minute, whicli 
is more than six times greater than tlic 
nonual consuniptUm of Hartford. 
Research Department 

United Aircraft iiuintains a Research 
Department that conducts basic and 
applied rcse.irch to supplement the ef- 
forts of the tlirec divisions 

T'hcoretical and experimental re- 
search is carried on in the general fields 
of actodvnamics and pro|nilsitm. More 
spccificailv, flic work embraces subsonic, 
transonic, and supersonic airflow: com- 
bustion, noise, vibration, and associated 
phenomena; fiirhinc. ramjet, rocket, and 
nuclear poucrplant com|)cmcnts; aero- 
dynamic imestigations including fixed 
wing aircraft, missiles, propellers, and 
liclicoptcrs. 

Tlicorctical studies arc aided by an 
exccptionallv large and modem com]jut- 


ing section which includes fixe IBM 
704 digital computers. List of these 
maebincs is now being installed, llic 
others arc in constant use. indicating 
tlic volume of work normally under- 
taken by the Research Department. 
Subsonic Wind Tunnel 

Kxpcrinieiihil a|Liipiiient ax-.iilablc 
witliiu the department is extensive and 
varied, but the largest single tool is the 
general jiurposc subsonic wind tunnel. 
It is a closed ciraiit. closed throat tim- 
iiel and is one of the largest in the 
world. 

Tlic tunnel is of concrete construc- 
tion. and has been in use for mote 
than 10 sears. It has interchangeable 
test sections of 18 feet and 8 feet in- 
scribed throat diameter. In.scrts ate 
av:ulal)le to further decrease size of 
the S-ft. section and increase the pos- 
sible test lelocitics. Maximum testing 
speeds arc aliout 200 iiipli. for the 
largest throat and 700 in])!i. for the 
smallest. 

Power for the tmiiicl is ptoiidcd b\' 
an 8.500 hp. synchronous motor through 
a xariablc sjjccd, eddy-ciitrciit clutch. 
'I'his motor drives a 26-ft. diameter, 
variable pitcli propeller. 

T'he tunnel is proxiticd with large 
concrete air exchange towers capable of 
continuoasiv changing 53% of the air 
piissing through the test section. This 
large air exchange capacitx' permits close 
control of the air temperature during 
testing, and in the case of engine test- 
ing. it reduces tlie concentration of 
exhaust gas in the tunnel. 

Two tx'pcs of balance systems arc 
available tor measuring model forces 



your test dollar 



Money naturally gravitates to where it 
has the most value. That’s why con- 
tractors and vendors in all parts of the 
country send their testing to Wyle. 

Whether for conducting single tests, 
complete qualification programs, or 
entire system evaluations — decisive 
advantages are gained through Wyle’s 
extensive experience, skills and facilities. 

Test your testing. Find out how big 
your dollar becomes with the WYLE 
7-POINT PROGRAM for delivery of a 
complete test job. 

Mail the coupon below for your copy 
of “FACILITIES” which outlines the 
WYLE 7-POINT PROGRAM for per- 
formance/cnvironmenul testing. 
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SOCKETS, PLUGS, AUDIO CONNECTORS 


STANDARD 8 . SUBMINAX COAXIAL CABLE 


STANDARD &SU8MINAX 
RF CONNECTORS 


;ind municnts in Kic general putpobc 
wind tunnel. One is a mechanical 
pyramid tv|jc balance, which may be 
used with inudei support struts mounted 
on a turntable in the floor or with 
support trnnions at the side wall. The 
other is an electrical strain-gage balance, 
which is used with models mounted on 
a sting support s\stcm. 

Hie general purpose wind tunnel 
is equipped for a wide sarict'’ of tesb. 
Constant torque electrical generators of 
375 hp. are arailablc for testing propel- 
lers, compressors, hclicn))tcr rotors, and 
other rotating parts. T'hesc generators 
arc proT'ided with -10 slip-rings allow ing 
40 eluumcls to be used for strain-gage 
installations, etc. on the model. 

Air supplies, both pressure and \ac- 
uuni, may be ducted to a model through 
swircl joints to allow pitching, saw- 
ing, etc. T his air suirply mahes possible 
the testing of bonnclary-kycr control. 

Scrcral nietliods are used by the 
Research Department to allow \isual 
studies of the airflow about a model. 
An oil spray is used to coat the model 
and the airflow etches its patterns in the 
oil. Tufts arc attached to the model 
or to a screen placed aft of the model- 

rhe screen shows the 'ortex pat- 
terns which trail behind an aircraft. 
A smoke probe also is used to imesti- 
gatc flow at isolated points on a model. 
A shadowgraph svstem also is available 
for more complete instantaneous visual- 
ization. 

Other Research Tunnels 

Much low speed work is conducted 
by the Research Department in a pilot 
wind tunnel. This was built to allow 
sucli work to be done at a minimum 
cost. It lias a 6 by 4 ft. test section 
and a iiuKiinum speed of 116 inph. 
Thc balance STstcin used with this tun- 
nel is of tire pyramid type. All auxiliary 
equipment and auxiliary power aT'ailabk 
to the general puqiosc tunnel ate a>ail- 
ablc for the pilot tunnel. 

transonic and a supersonic wind 
tunnel also arc operated by the Rcscarcli 
Department. Each has a 17 bv 17 in. 
test section. Tlicy arc operated from a 
common 5.000 cu. ft. storage tank, 
and only one tunnel ma\’ be oiwratcd 
at a time. The tank is pressurized bv 
a three-stage reciprocating air cninprcs- 
sor rated at 4000 cfui- Maximum 
pressure obtainable is 400 psi„ and 40 
min. arc required to reach full pressure. 

Average duration of a shot is 30 sec- 
onds. Aserage pump-up time is 50 
minutes, which al.so is the aserage time 
for a model change. T herefore, if is 
possible to achieve about two tuns (Kr 
hour with the existing equipmeuf. Each 
run consists of a full angle of attack 
range, .-^iiglc of attack may be adjusted 
manually or autoniatiwlly thrnugli a 
|Trc\ioush- adjusted ptograin. Wlicii 


ATLAS 'F/vc/sfiwee/v 



<*HUSH-HUSH” ASSEMBLIES FOR 

THE FALCON 


■wo HIDING place "upstairs” for enemy bombers 
’ with The Falcon on the hunt. This newest 
guided missile is being produced for the U. S. Air 
Force by Hughes Aircraft Company. 

Some of the "innardB” of this bird of prey are 
ATLAS-Precisioneered and classified "confiden- 
tial.” But there's no secret as to how ATLAS can 
help you develop parts and assemblies from pilot 
stage to production efficiency for radar . . . sonar 
systems . . . computers . . . correctors ... all types 
of electro-mechanical devices. Just bring your 
designs to ATLAS. At your disposal on a job 
basis are our men, equipment, techniques; facili- 
ties available for prototype, pilot run, and or 
volume production. 

When war or peace demands a product, call on 
ATLAS Precision Products Co. (Div. of Pruden- 
tial Industries), Philadelphia 24, Pa. 

Send for booklet, "Precisioneering Electro- 
mechanical Equipment.” 
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4 NEW 
design aids 
providing 
working data 
for every 
ELECTRONIC 
CABLE 
Problem 


Pacific Automation 

CHapmati 5-6671 -TWI^CINTS?! 


. . . tvaiiaOle frooi Pacific Automation 
Products, a company established to 
provide a product as weHas a service, 
which utilizes a SO.ODO sq. ft, fKtory and 
an experienced staff of quallfed 
angineen and technicians to design, 
manufacture and install custom made 
neoprene jacketed cable for the vast 
electronic industry. 

mvesiieale nuempeartwiitiet wWi us. 

Stnntmua* tar leteiviME, 



tile program is run ;uifom;iticall\ llic 
range may be covered by a emitinuims 
inmenicnt or in stages. 

I'he test Mach number is dependent 
on tiic ratio betneen tiic stagnation 
pressure and tlic static pressure. Tliis 
ratio is niaintuiucd during tlie test run 
l>y a conc-t\])e rotars salve, uliicli is 
controlled b\' a .servo-nieclianism. Ilie 
scno is actuated by pressure sensing 
dements in the tiniiicl. 

'Ihe test Reynold’s number could be 
affected by a large change in pressure 
due to tlie cs;i},msion on tiic pressurized 
air tlirougli tiic tmiiicl nozzle. Thi.s is 
prevented by a rcgcucrativc licat ex- 
changer in tiic ait supply system, 'rinis 


the air teni|}crature is prevented from 
dropping more than 1 5 degrees from 
the starting tcnipetaturc during anv run. 

Balances used in these tmmds arc of 
the strain-gage ty])c. Pressure lueasurc- 
meuts may be made on the evtcrnal 
surface of a model, in the engine inlet, 
.and of the mass flow through the engine 

riic transonic tunnel o|jcrates lx;- 
tween Mach .8 and 1 ,? and is ee|iii|>|jcd 
'vith a perforated throat, surroundee! bv 
a piemmi chamber. Static pressure uiaiii- 
tainccl in tlii.s plenum chamber controls 
the test Macb number. 1'iie [x.Tforatcd 
walls prevent reflected shock waves 
from the tunicel sides «hich would ad- 





miEHlE-DEXTER 

BLOWERS 

could solve your 
design problems 


If your product 
or process needs 
air or gas — up 
to 12 psig. — 
chances are M-D 


solve the problem, improve de- 
sign. M-D uses least space, 
weighs less, costs less. 

Scores of new uses. For in- 
stance, PNEUMATIC CONVEYING. 
M-D Blowers in fluidizing 
equipment convey powdered 
material as easily as pumping 
water. Aircraft companies use 
M-D Blowers for AIRCRAFT 
GROUND SUPPORT EQUIPMENT. 
Hundreds of other applica- 
tions; process equipment, su- 
percharging, ventilation. 

CAPACmeS: SS-40M ch>. OlKhota* wmibiii 


3-labs, 2-iolor 
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The key word in choosing 
a manufacturer to produce 
your aircraft controls... 

capacity 

...is General Controls’ 


CAPACITY at General Controls covers a 
multitude of your important needs; Capacity 
Co create new ideas in controls, working 
hand-in-hand with your engineers . . . capacity 
to produce quality controls to your rigid 
requirements and make on-time deliveries . . . 
capacity to push immediately into full-scale 
production in any emergency . . . capacity of 6 
different plants located strategically through- 
out the U. S capacity to understand your 

problems based on our work for most of the 
aircraft manufacturers in the U. S. 



When aircraft controls are your problem, 
you'll be way ahead by talking to the 
men from General Controls, Forty-two 
branch offices tc 


GENERAL CONTROLS 
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^cfsciy affect any force nicasurenicnts 
taken during a test. 

Tlic supersonic timiicl lias a Much 
range from 1.5 to 5.0. It has solid, 
flexible walls. Contour is maintaiued 
by a series of adjustable jacks, and con- 
tour determines the test Mach number. 
To change contour the wall is loosened 
.Old the jacks moved to a new position. 
'I'hen the wall is polled up again.st tlif 
jacks and licld liydraulically. 

hypersonic tunnel is being readied 
by the Rcseareli Department for use in 
the near future. It will operate between 
Mach 5 and 10. Test section of this 
tunnel is in the neighborhood of 6 
inches in the vertical plaiic- 
Hamllfon-Standard Diversifies 

Iviglit years ago the Hamilton-Stand- 
ard Division of United .Mrcraft Corp. 
lx.'|an a major diversific-.ition program 
to broaden its line of products, vvbich 
formerly had consisted of propeller 
ec|uipinent alone. 

Today the company is engaged in 
design and production of jet engine 
starters and fuel eimttols, liydraulic 
pumps, air<oiiditi()uing systems, and 
pneumatic valves, as well as propellers. 

Diversification was begun bv expand- 
ing existing experimental laboratories 
and constructing new tvpcs of facilities 
to permit complete development of the 
new products. 

These test facilities arc among the 
most modem in the world, due to 
Iheir recent design and construction. 
Ilicy made it possible for Hamilton- 
Standard to move to a position among 
the leaders in the equipment field. 

I'acilitics include laboratoiies devoted 
to work in pneumatics, combustion, 
vibration, fuel control, liydraulics and 
incchanieal test, pro|x.'llers, and elec- 
tronics, hull-scale units of all equip- 
ment pro[30scd or being produced can 
be tested over the foreseeable range of 
o|x;mting conditions. Much small test 
equipment also is provided to check 
out components of each major item. 

• Pneumatics Laboratory houses 11 air- 
conditioning test booths. 6 ait-cimdi- 
tioning valve test benches, one bearing 
test booth, two large vvalk.in altitude 
chambers, and the necessary equipment 
for humiditv. sand, dust, salt spray, 
shock, and acceleration tests. 

• Combustion Laboratory is located in 
an cxplosion.proof building away from 
the other facilities. It contains lO test 
chainhcrs. nine of which are used to 
develop combustion type jet engine 
starters, and one for testing fuels above 
their auto.ignitioii point. 

• \'ibration Laboratory is equipped for 
the vibr.ition testing of all Hamilton- 
Standard products from propellers to 
.lir-conditiuning units. There are four 
sound-proof rooms and an air<ondi- 
tioned strcsscoat room for investigating 



THIN-WALL magnesium casting for the Regulus missUe fin 
produced by Dow. 


QUALITY MAGNESIUM CASTINGS 

for aircraft and missiles 

Sand, Permanent Mold, Plaster Castings 

YOU NAME THE CASTING. Dow can supply you with 
ordinary and extraordinary shapes or sizes. Specialized 
techniques rigidly maintain your standards and specifica- 
tions. Heavy-vvali or thin-vvali, room or elevated temper- 
ature use, the best— and surest— answer to your problems is 
Dow magnesium castings! Contact your nearest Dow sales 
office for additional information, the dovv chemical com- 
P.A.VY, Foundry Sales, Bay City, Nfichigan, 


YOU CAN DEPEND ON 
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This “eye” sees through aluminum 
forgings to assure aircraft quality 


40,000 feet up is no place to discover slruciural flaws in aircraft 
forgings. That’s why Bridgeport, at its Adrian, Mich., 
plant, maintains ultrasonic testing facilities, manned by intensively 
trained and experienced personnel that rank with the best in industry. 
This extra protection-just one of many Bridgeport testing 
techniques-is valuable in more ways than one. It means that 
Bridgeport can assure you of dependability and quality. It means, too, 
that you can meet production schedules faster, easier and with 
fewer delays by reducing machining losses. 


Ftyi 1l\t VK. 

Bf». BHIDGEPORT^ALUMmUM 

aiumlmifn Ertrvlon and FvrBlng FpctUUes at Adrian, Mtctitaan 
Sriilgeport Brass Cotniuny, Aluminum Dltision, Bridgeport 2, Connecticut • Offices in Principal Cities 
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stress concentrations duriiif sibiatioii. 

• Fuel Control Laboratory contains a 
jet engine test ceil accomniodatittg 
ciigiitcs (including afterburner) up to 

25.000 lbs. thrust for final fuel control 
tests. It also has 15 bcnclics for calibr.i- 
tion HiicI qualification testing of both 
governed and .iftorburner type fuel con- 
trols. Altitude r.iiigc is up to 80,000 ft., 
tcnipcr.itiin: range is fnmi —701’’ to 
S50F, aitd relative liHinitlity is from 20 
to 05%. I'ucl tcinpeiaturcs also may be 
varied from —701'’ to 2501'’ at a maxi- 
mum flow rate of 60,000 lb. hr. The 
l.iboratory incliKlcs an analog computer 
to simulate the operating characteristics 
of any jet engine, Tlio eomputcr con- 
trols operational and cndur.ince tests of 
the fuel control systems. 

■ Hydraulics and Mceliatiical I'cst 
Laboratory Itas four whirl rigs driven by 
reciprocating engines, each housed in a 
separate tost room. Rooms allow cold, 
liumidity, erosion tests, etc., for pro- 
peller liub mcclianisnts being uliirlcd 
with weighted stubs to simulate 
propellers. 'Ilic remainder of tite 
laboratory lias ciglit separate areas for 
static structural testing. 

Two large piopcllcr test cells are 
maintained by Hamilton-Standard. 
They will acconimodatc reciprocating 
and gas turltinc posscrplants up to 

20.000 lip. .nul propeller diameters up 
to 28 ft. Tlie coinpiuiy also lias out- 
door facilities for testing greater powers, 

• Elcctroiiies Laboratory contains the 
usual electronic test equipment pins a 
shielded room for radio interference 
studies and an air-conditioned clcctrie.il 
standards room, 'nirce main types of 
controls being dcvcloittd are tempera- 
ture amtrols for air-eyclc and refriger- 
ant types of air-conditioning equipment; 
fuel controls for Ei.s-turhine engines, 
and synchronizers for ])ro|>cllcrs to re- 
clnee tlic noise from multi-propeller 
installations on l.irge aircraft. 
Sikorsky Research Facilities 

Rcscarcli and development facilities 
of the Sikorsky .\ircraft Division of 
United ate tailored primarily for in- 
' Cstig.itinns in the tlirce most perplexing 
fields of helicopter design. These are 

'ibratioii and fatigiic. 

Mucli of Sikorsky’s rcscarcli and de- 
lelopmcnt work is contracted to UAC's 
Research Dcpartincnt, nith its large 
wind tunnel and computing section. 
Sikorsky dots maintain four tutor 
stands, transmission test facilities, and 
structural and fatigue test cqni]jmcnt at 

Siktirskv officials feel one of flicit 
lx;st research and deaclopmcnt invest- 
ments «as the purchase of an S-55 lieli- 
copter. Tills company-owned helicopter 
allows a rapid flight-test evaluation of 
experimental projects which have proved 
satisfactory under ground tests. ■ 



How would you power 



FltANKl K,. cook; CO. 


36 South Sonta Pe Drive, Denver 23, Colorado 

ELECTROCHEMICAL AND ELECTROMECHANICAL BRODUCTS 
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HITCO Eniineers C3n help solve your 



HITCO is experienced in successfully solving 
critical High Temperature Insulation problems 
described by some engineers as “too hot to 
handlel’ Today, HiTCO offers a variety of proven 
high-perfomance insulation products to help 
solve your special insulation problems. Our 
Research and Development Engineers ai-e only 
a phone call away. 

WmEFOFFItEEmmilT! 

Covers all basic types of fibrous 
insulation and their temperature 
ranges, from —500® to +3000°F. 




H.IMMPSONFIBERGLASSCO. 

1733 Cordova St. Los Angeles 7, Calif. / SutS 
Phone REpublic 3-mi / ******* / 


HITCO Products 
Designed to Beat the Heat 

kets are piefeiied by the | 

AVAILABLE IN A VAAIETr OF PHYSICAL FORMS: 

B 

A THERMO-COUSTI 
Y Removable Insulating 
Blankets combine top 
Acoustical and Thermal 

removal In jet airliners, 
cargo and Military Aircraft. 

THOMPSOtias k 

Formed High-Dsnslty f 
Fiberglas is designed for 
Shock and Vibration 

tile protective Insolation 
Material for a vailely of 
Aircraft and Missile 
applications. 


A 

i ForwUftar?, I'id^JlNal 
l"e?fWcrb^S'.'d 
R«lris'!'ifal^Xe“liller 

Typical High TemMl'crafi 
parts shown. 
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CONVAIR B-3S aitlifts stri])pcd.do'vn B-58 Hustler to Wriglit Ait Development Center for structural tests. 


Convair Seeks Lead Through Research 


By Ruascll Hawkes 

San Diego— Research minded Convair Division of General Dynamics 
Coep. is spending its own money to seek eompetitive advantage in the lab- 
oratoty. Research and development is conducted at three points in the con- 
ception cycle of a new carrier or weapon system, 
llic tlirce points ate: 


• Basic research tliat provides the raw 
knowledge nca-ssary to any further 
technical advance. ^lany people have 
pointed out that the store of raw 
knowledge built up over centuries is 
almost exhausted and must be rc- 
jilcnishcd. 

Convair sirokcsmcn sat- tlic\ arc 
aware that only a small part of tlic 
knowledge gained by basic research 
inav be held as proprictarv secrets, 
rhe rest of the advantage accruing to 
the company is less tangible and con- 
sists mainly of a shorter time spin 
between laboratory and drawing board, 
made possible by direct and continuous 


association between tlic scientist and 
the engineer. 

• Dcvelo])mcnt and applied engineering 
research tliat refines the product of 
basic research for u.sc in a specific piece 
or class of hardware. 'Iliis work is done 
bv the divisional engineering depart- 
ments. It precedes and |)arallcls pre- 
liminaiT design and offers an o|)pir- 
tiniity for liaison witli the fnndaincntal 
tcscarclicrs- 

• Manufacturing researcli to provide 
structural and niaiuifacturing tech- 
niques tliat will enable the shop to 
build am’ airplane the cuginccring de- 
partment can design. Tliis demands 


continuous monitoring of the Other 
brandies of research for dues about up- 
coming manufacturing problems. 
Scientific Research Loberatory 

According to Convair budget figures 
about -t0% of the cmn|3any’s research 
is done by its ycat-old Scientific Re- 
search Laboratory; 50% is done by the 
divisions, and 10% is done by outside 
contractors. Basie rcscardi at Convair 
is directed bs’ Dr. Cliarlcs L. Critch- 
ficld, who is responsible only to the 
president of the company. 

Attnmd the nucleus of his own full 
time staff in tlic Scientific Rescatcli 
Laboratorv. Dr. Critclificld coordinates 
contract rcscardi and part time re- 
search done by people at the Convair 
local division level. To facilitate the 
transfer of knowledge to line organiza- 
tions, scientists .spend about 20% of 
flieir time in con.sultation. 

The picrmancnt staff is selected to 
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FIRST BOMBER tn be dc>vlopcd under weapon $}stcm concept was B-58 Hustler, shown here with detachable pod. 


pcos'ide special competence in gas 
dynamics, acrodyniunics. nictalluigy, 
theoretical and experimental physics, 

S hysical chemistrs’ and mathematics, 
lost arc emplosed in fluid dynamics. 
Materials researchers arc tlic most diffi- 
cult to find, and Dr. Critclificld re- 
ports that this shortage mav produce a 
crisis in the next tear. 

How Scientists Are Chosen 
Scientists are not hired for specific 
projects. The scientist-prospect is asked 
if there is a project he would like to 
undertake and is hired if it seems likely 
the project would yield somctliing of 
value to a inanufacturcr of aircraft and 
missiles. 

There arc now 22 full-time scientists 
working in the laboratory with the 
assistance of 13 non-professional and 
clerical employes. Average age of tire 
senior scientists is 35. About 55% of 
them liold doctoral degrees and 75% 
hold masters' degrees. 

Because most of tlie laboratory equip, 
mciit is btcadboatdcd by the scientists 
theniselvcs or bought off the shelf, the 
cost of instrimicnt.ition is not high- 
running about SI 5.000 per scientist. 

The Sdeiitific Re.search Laboratory 
now is located in 7.000 sq. ft. of fioor 
space scattered around the San Diego 
Division. It will move into permanent 

B LiartCTs in the brand new Astronautics 
'ivision facility, also in San Diego, 
sometime this summer. Floor space 
available in the new quarters will be 
25.000 sq. ft. 

Nfanagement of tiie Astronautics Di- 
vision was eager to offer space. Close 
proximity of the scientists will pav off 
in development of Atlas ICBM and 
other Convair missiles operating in 
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North American and “Southern" 
revolutionize milling methods! 

CHEM-MILL process chemically etches 
stainless steel, titanium and aluminum to 
accuracies heretofore impossible by conventional 
milling methods. Provides greater strength 
with less weight, produces more parts at 
gi-eater speed, presents new design freedom 
to engineers. 


Designed by the combined engineering efforts 
of North American Aviation and "Southern”, the 
huge CHEM-MILL plant was completely installed 
by Southern Engineering Construction Co., Inc. 
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regimes about «iiicli little is known. 
The liiboratotv will remain independent 
ot any division and will be administered 
by the company's general offices. 

New Laboratory Facilities 
I'acilitics in tlic new building will 
include; 

• Fluid Dynamics Laboratory. 

• Solid State Physics Laboratory. 

• Atmospheric Pliysics Laboratory. 

• Instrument Shop. 

• Cryogenic Laboratory. 

• Mass Spectrometer I'’acilih’. 

• Sjiectropliotomefer Facility. 

• Llectronics Laboratory. 

• Electronics Shop. 

• Materials Laboratory. 

• Combustion La1x>rator> . 

• X-ray Diffraction Laboratorv. 

• Glass Blowing I" acility. 

Fluid Mechanics Analysis 

Among the studies now under wav or 
being prepared is an analysis of tlic fiuid 
iiicchanics of mixing layers along a 
flat-plate surface parallel to tlic main 
axis of motion in a higli velocity flow. 
Independent theoretical and experi- 
mental projects on this subject will be 
clieckcd against each other. 

In the experimental approach, fluids 
nail be pumped through a porous wall 
in the 3-in. square test .section of a 
high speed wind tunnel. The porous 
section probably will be of sintered 
stainless steel or of densely woven steel 
mesh. Its results will describe inci- 
dentally the mcch.inics of transpira- 
lioiiul cooling. 

Tlic SIOO.OOO blow-donai tunnel 
needed for this job is about half funded 
ill the company's 1957 budget. Labo- 
ratory spokesmen hope funding will be 
completed next year. 'Hie tunnel will 
have a two-stage compressor, aftcr- 
coolcrs between the compressor and 
rhe storage tanks, and a laciiuin svstem 
for the tunnel to cxiiaust into ivhcn 
necessary. 

Multi])lc pump headers will enable 
the compressor to supply other facili- I 
tics. The tunnel will be operating up to 
ii|3proximatcly Mach 2 in earlv 1958. 
When the second stage of tlic com- 
pressor is installed ca|sibilitv is ex- 
pected to rise to Mach 5.8. 

Flame Quenching Studied 
Another project is a studi- of wall 
quenching of high rcactivitv flames. 
Wall quenching is associated with such 
conibiistioii properties as biiniing 
lelocity and flash-back boundari' 
iclocih' gradient. Various fuel-oxidant- i 
inert systems will be used. 

Equipment will be a supply tank , 
feeding a conical combustion chamber ' 
througli its ape.x. Flame front position 
in tlic chamber will be controlled by , 
varying the flow rate of the cliaigc. | 
Conical shape of the cliambcr |)cmiits , 


reliable!! 

eg 

^ high gain 
1 preamplifier 



Combines high gain with a low noise figure and relatively 
wide bandwidth. Designed specifically as a telemetering pre- 
amplifier to operate over a wide range of environmental 
conditions. The Model 1 104-1 provides a gain of 35 db at 
band center and the 1104-2 50 db, both with a maximum 
noise figure of 3,5 db. 



RADIATION 


INC. 


ELECTRONICS • AVIONICS • INSTRUMENTAriON 


:onnr/ Inquiries Invited. 
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The Formula That Revolutionized Music 


Mathematicians long ago divided an octave into 12 
equal semitones, each a successive power of the twelfth 
root of 2. This “equal temperament’’ formula was the key 
to a new world of music that could be created for much- 
simplihed instruments, We like this example of one of 


the Arts benefiting from one of the Sciences — and of 
mankind benefiting from both. The example contains the 
mightiest of the Sciences, a new world of thought, creative- 
ness, and refinement of design. These elements exemplify 
the work of Litton Industries in advanced electronics. 


LITTON INDUSTRIES BBVEBLY hills, CAtlPOnNIA 

Plants and Laboratories in Calilornia. Maryland. Indiana and New York 

DICITAL COMPUTSSS a CONTROLS RADAR R COUNTERMCASURES INERTIAL CUIDANCE SPACE SIMULATION RESEARCH 

MICROWAVE POWER TUBES AUTOMATIC DATA PROCESSING SERVOMECHANISMS PRECISION COMPONENTS A TRANSPORMEBS 
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BELL MOUTH of settling chamber in Convair high-speed wind tunnel has IZ-ft. diaiiietec. 


di.imeter of the flame front to be varied 
by positioning it at different points 
along the length of the cliambct. 

End product will be a inCiisure of the 
ability of a flame to propagate through 
a channel of given shape and size. 
Laboratory scientists hare figured out 
a theoretical model wliich they will 
cheek against cxperimcnhil results. Cost 
of the equipment was 51.0D0. 

Plasma Jet Designed 

Seicral studies of low density ionized 
boundary layer flow at bypersonic speeds 
arc being made. One is concerned with 
finding a way to simulate it for further 
study and possibly to find ways of con- 
trolling significant flow p.iramctcrs. The 
laborators now is designing a plasma 
jet in whicli noble gases will be ac- 
celerated thrmigh a 30-in. long Pyrex 
glass hypersonic nozzle, with a 5-iii- 
diameter test section. 

The scientists expect velocities up to 
.Mach 10. Pressure iu the test section 
will be held down to about iV atmos- 
phere. Gases may be ionized either by 
an are iu the chamber or bv a radio 
frequency coil around the nozzle which 
will operate at about 25 me., and 
use about 10 kw of power. Cost of the 
equipment is expected to be about 
SIO.OOO. 

Data taken will include electron 
density, ion density, cuctgy of elcctnms, 


interaction of ions with test models 
and recombination rate. 

Because little is knosvn about ionic 
wind tunnels, the designers are now 
running a small ate chamber to g^itlicr 
design information. Helium is being 
introduced to the chamber through a 
hollow carbon electrode. The arc leaps 
to .1 copper electrode inserted through 
the nozzle of the chamber. 

Temperature in the cliambct rises to 
4.000K and falls to 850K at the exit. 
Duration of the tests is limited to 30 
sec. because the simple model is un- 
cooled- Searchlight gencratots provide 
power for the tests. Tlictmal expansion 
provides most of the acceleration. 
Magnetic Effect on Plow 

Anotlicr project in tliis field is en- 
titled "Tlic Effect of a Magnetic I'ield 
on Boundary Layer Flow of a Con- 
ducting Fluid." It could well result in 
the devising of techniques to modify 
the properties of ionized incompressible 
boundati' laser in a wav which will re- 
duce aerodynamic heating. 

Its purpose is to determine the effect 
of a normal magnetic field on incom- 
pressible flat-plate boundary layer skin 
friction and laminar boundary layer 
stabilih', and to gain basic understand- 
ing of the magnetic interaction with the 
iclocity field for boundary layer flow'. 

Locally non-adiabatic flows will be 



I'anguard. 

In SBmi instanru our Rmiis hove 
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PERFORMANCE 

PROVED... 

IN THE AIR! 

New records are continually being piled up 
by America’s many types of ultra-fast, high 
flying jet aircraft. And these records provide 
strong testimony as to the reliability of the 
vitally important bearings used — New 
Departure ball bearings such as the turbine 
mainshaft bearings developed through New 
Departure’s extensive Aircraft Bear- 
ing Research Program. 

And looking ahead to the even more 
powerful and faster aircraft yet to 
fly, New Departure is developing ball 
bearings to help make their flight 
success complete. 


Send for bearing catalog ABC 


B A U L BEARINGS MAKE GOOD PRODUCTS BETTER 

NEW DEPARTURE • DIVISION OF GENERAL MOTORS • 
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\tii(lic-ci using ;i vortex tube uml o 
ivsoii.iling lube, costing SIS, 000- 
.Scieiitisls iio|)c the rcsoiiiiting tiilx.' will 
McUl inforniiitiim un the mm-iidiiibiitic 
i.xcli;ingc of energy between fluid 

• Wbat iiiecliaiii.sni generates beat in 
.III insulated Arm of coniinessible 
viscous fluid? 

• Wbat is tile coii]>!ing lictwcen strcimi 
Intensity and the :ini|)litude .ind fre- 
(|uency of oscillation? 

Resonating lube is i-in. in di.inieter 
■iiid its length is lariiiblc frinn zero to 
12 nielies. sinall rocket blasts gases 
into tlie oycii end of the tnlic to pro- 
duce oscillations- Vdocits of the jet 
mm is subsonic and Madi number is 
not considered an important p.iraineter. 
but preixmitions are being iniide for a 
\1aeli -I jet resomiting tube. 

Hot wire aneinoineters and niiero- 
plioiie transdiicer.s will be used to 
measure vdocits and ])rcssure ili.stribn- 
lions ssitliiii the tube, .Among the use- 
ful inform.ih'oii which this investigation 
mas produce are better iimlerstaiuliiig 
of turbojet noise generation and per- 
haps a clue to tlic mechanics of eoni- 
Inistioii iiislabilitv in rocket motors. 
Upper Air Research Planned 

.\vv.iiting C.A.A a)>proval is an upper 
.itmospliere teseardi program using 
mylar Iwlloons similar to Skyhook. C.\.\ 
dcaranee is nrxessary to asoid creating 
.1 traffic li.izaird vvheii the balloons arc 
laimdicd from their site at I'allbrook 
in San Diego Counts. Krpiipment for 
the program is all |)uttliased and reads' 
In go. 

Die epiartcr-iml thick mslar balloon 
will bold a million cubic feet of helium 
,it its ma.vimum ceiling of 140,000 ft. 
It is lighter and stronger than the 
polvetlivleiie Skshook. weighing onlv 
2H lb. 

I hc sl)-lb, pavhxul will tdcmeler in- 
loiination on iciii dciisits, free dcclron 
densils, cosmic dust deiisits and size 
dislribiitioij. teniix.'rature and jjie'surc 
sradienfs, cosmic radiation and 'olat 
ladiatiim in the ultra-vinlet part of the 
speelrum. 

The balloon will remain aloft for 
tour-hour periods and ss ill be tracked by 
Rassin. ladiorators scicutisfs cxjx'ct 
OT'zf recoveries of the balloon and its 
iiisttiinient package. Convair is flic niilv 
tisilian orgaiiizatioii rc.ids to attempt 
this type of research with its own 

To increase the s tilimic and diversity 
of basic research and to improve liaison 
between the Scientific Rcst-.irch Libo- 
rators and the manufacturing divisions. 
Com air has an arrangement bs which 
anyone in the company can sulnnit to 
Dr. Critchficld’s office a rcr|uest for 
spoiiMirsliip of specific research projects. 
Mans of these arc contributing useful 



JjrU/ CALIDYNE 


SHAKER SYSTEMS 


CALIPVNE 



TROUBLE- 
SHOOTER’S 
FRIEND * 


Wires can be removed or replaced 
one-handed, wirhout removing DOT 
Wire harness band. Spring tension 
prevents accidenca) opening. Resil- 
ient, moisture-proof lining insulates 
wires, cushions them against chafing. 
Lining will not pull loose. Made in 
seven standard sizes from 
diameter to 2". 




lADMOCK 

ILLS 


*DOT 

Wire Harness 
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Modem warfare weapons ... thot guard and profecK . . ore highly com- 
plex devices. They must be dependoble for inslanloneous service — even 
ofler an unpredictoble shelf-life. 

In rocket ond missile warfare use, "O" rings will be subjected to nitrogen, 
JP-4, ethylene oxide, hydrogen-peroxide, olcohol, liquid oxygen, fuming 
sulfuric odd, and other destructive environments. "O" rings are used in the 
servo-systems for flight cwitrol of guided missiles, ond must withstand 
extremes in temperatures and the destructive actions of synthetic fluids. 

Linear'S experience in the design and production of precision “O" rings 

of the most tnodem elastomers — hos given them the ability to provide 

dependoble seols for the most critical requirements. 

When it’s a sealing problem, call on Linear or one of its agents for 
engineering assistance... 

ond be sure to specify liNfAR ”0” Rings for prototype or production. 








LINEAR KEEPS THE "GO” 
IN PROTECTIVE MISSILES 
with Jet-Age "O” Rings 
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iiiforniatimi to the laboratory's own 
proju'Cts. 

Conviiir’s ad\iuiccd study programs 
arc loosely monitored by a eoiisultant 
board of more than a dozen to|j-tanking 
seiuiitists in all of tliu fields of interest. 
Dr. Critclifield himself is an alumnus 
of thi.s group. 

Since the members are always lie-avily 
engaged in otlier activities and arc for 
the most part individiiali.sts. Dr. Critch- 
tield's staff eamiot hope for a nicely 
formalized operation. So far it iias 
prmed impossible to get over half the 
Itrsird together in one place at the siimc 
time. Usiuillv the eonsulfcints arc c-alleci 
individually for advice or criticism of 
specific projects. 

Recently. Dr. Critclifield lias been 
trsing to get them to spend a few davs 
or weeks at a time in San Diego living 
with the problems. 'Die ability of the 
eomultants has enabled tlieiii to point 
out bad approaches and reeominend 
better ones on tlie liasis of ciirsorv 
exaniination.s of the work of staff scien- 
tists and part time researchers in the 
mainifactiitiiig divisions. 

[f more Ici.siircly exaininatioiis were 
[jossible. Dr. Critclifield feels they 
would be able to hasten progress even 
more bv anaivv.ing in detail theoretical 
models and cx|)Crimental techniques 
being used. Presently. Is davs a year is 
about the largest amount of time any 
consultant has been able to spare the 
company. 

Division Reseorch Breakdown 

According to the budget brwkvlown, 
about 90% of division level research 
is done bv engineering de|3urtinents and 
10% is done by niaimfactiiring people. 
•\pplicd engineering research requires 
more extensive facilities than docs lusic 
researeli since often it deals with fiill- 
se-alc aircraft and missiles, lairgcr and 
more costly facilities also are ntotc |)tac- 
fienl. since tfie problems to be solved 
and the techniques to he used already 
li.ise been formulated bv basic research. 

Where a common need exists the 
expensive facilities arc built and oper- 
ated under an inter-divisional atrange- 
inciit and the most eomeiiiciitly located 
division handles administration. Man- 
agement decides whether to duplicate 
equipment in the division.s after eom- 
]ziring the value of meeting slightly 
different requirements and the cost of 
the duplication. .Aiinthcr ennsidcration 
is the anticipitcd scheduling load. 

Present laboratory area may double 
in the next five years according to Con- 
vair officials. 

Mach 5 Blowdown Tunnel 

Mo.st of the expensive interdivisioiial 
facilities are located on the seaplane 
lamp of the San Diego Division. ,A 
new S5.5 million Maeti T blowdown 
wind funnel vvitli a -t-ft. test section is 



FOR RESISTANCE THERMOMETERS 
AND THERMOCOUPLE THERMOMETERS 


UCH SVI1CH MS "OFF" POSITION PLUS NUMBEN DF FOINTS LISIO. 



SPECIAL SWITCHES 


No. 37S6C2, Four "4 Point and OFF"thBi 
No. 9S5. Single Pole, Four Point Instrvime 



DESIGNED FOR TEST WORK AS 
WELL AS FOR PERMANENT IN- 
STALLATIONS. LEWIS SELECTOR 
SWITCHES ARE CONSTRUCTED 
WITH STURDY CONTACTS OF 
LOW RESISTANCE AND POSITIVE 
DETENT. THESE SWITCHES ARE 
SPLASHPROOF, DUSTPROOF AND 
ARE BUILT TO GIVE YEARS OF 
SERVICE. 
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37MU 
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38SR24 
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There’s No Mystery to Making Hose of Teflon" 

the Only Secrets Are the Methods Used to Guard the Uniformly High Quality of Aeroquip 666 Hose (Teflon) 




.eroquip 




HEAT-FIRE DETECTION Zone type (left) for all-over detec- 
tion. Gives an overheat danger signal and fire alarm. No 
tubes, no resetting after a fire. Spot type (right) for specific 
locations— set from minus 65 to plus 1(X)0 degrees F. 



AUXILIARY POWER SYSTEMS Lightweight, monofuel sys- 
tems tor guided missiles, piloted aircraft. Turbine driven 
with horsepower of up to 200; supplies regulated power at 
mean altitudes of 40.000 feet and more. 



PUSH-BUTTON FIRE EXTINGUISHING SYSTEM Uses 
CFjBR, CF;BB:;, CB, MB. or CO. ... pressurized in spheres 
of strong, lightweight steel. System manually operated by 
pilot. Discharges in a fraction of a second. 


O C 



FIBERGLASS SHATTERPROOF AIR-STORAGE SPHERES 

Pressurized air containers— strong enough to handle pres- 
sures up to 5,000 pai. yet 40W lighter than steel. Available 
in volumes of from 50 to 5,000 cubic inches. 


FOR AIRCRAFT: EXTRA SAFETY, EXTRA POWER 
WITH PRECISION PRODUCTS BY KIDDE! 


Leaders in the aircraft safety, auxiliary 
power and pneumatic system fields, Kidde 
now offers a wide range of precision products 
combining the advantages of light weight 
with dependable operation. More than 96^ 
of the aviation fire extinguishing systems 
installed on U. S. planes are Kidde-built. 
Kidde’s auxiliary power systems are finding 
wide use on both guided missiles and high 


performance aircraft. And Kidde air com- 
pressors and pneumatic power systems are 
used by Boeing, Fairchild, Lockheed, North 
American, Republic, Douglas, Convair,Avro. 
If you have a safety, pneumatic or secondary 
power problem, Kidde’s advanced engineer- 
ing staff will develop, test and manufacture 
equipment to meet your exact specifications. 
Call or write Kidde today. 


Walter Kidde & Company/ Inc., Av<ai>en Dlvition 
618 Main Street, Belleville 9, N. J. 

Woller Kidde & Compgny of Canada lid., Montreal 
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LIGHTWEIGHT AIR COMPRESSORS Rugged, tested 2, 4. 6. 
8 and 12 (illustrated) cfm air compressors delivering air at 
3,000 or 5,000 psi. Driven by air turbine, hydraulic, electric 



SERVO VALVES AND FUSES 1) Pneumatic Steering Servo 
Valve; 2) High Temperature-Pressure Pneumatic Servo 
Valve; 3) 1500 psi Pneumatic Fuse; 4) High Sensitivity 
Pneumatic Fuse. 


FT 




PRECISION VALVES AND OTHER DEVICES 1) Propeller 
Brake Solenoid Valve; 2) Drain and Blowdown Valve; 
3) Three-Port Manual Control Valve; 4) Relief Valve 
(3000 psi); 5) Pressure Relieving Device; 6) Ait Filter. 



BRAKE VALVES AND REGULATOR I) Pneumatic Emer- 
gency Brake Valve; 2) 0-1000 psi Brake Valve; 3) 8300-1000 
psi Pressure Reducer; 4) Pneumatic Dual Emergency Brake 


PNEUMATIC VALVE AND ACTUATOR For attachment, 
operation and release of drag chute. 


PNEUMATIC AIR STARTER BOTTLE Has a capacity of 2950 
cubic inches. Handies pressures up to 3000 psi. 





OTHER IMPORTANT KIDDE AIRCRAFT PRODUCTS: Quick Disconnect Fittings. Gon Chargers, Nose 
Wheel Steering Systems, Air Brake Valves, Hand Portables, Inflolion Gear, Oxygen Equipment, Purging 
Equipment, Crash Fire Prevention Equipment, Fuel Pressurization Equipment, components of Pneuraolic Systems. 


District Soles Engineering Offices 

Dollot, Tex. Seattle, Wash. Van Nuys, CoW. 

Dayton, Ohio St. Louis, Mo. Washington, D. C. 


® Kidde' 


all the EXTRAS are $tandar"1K 
with 



You sale 40% space when you and dependability with a big 
switch from outmoded tie rod in advanced features. Wide range 
cylinders to the T-J Spacemaker! of styles, capacities . . , reduces 
It’s stronger, too! Fits right into man-hours and costs in all kinds 
automation programs in countless of push-pull-lift jobs. OIT-shelf 
plants. Delivers top performance delivery in 64,000 combinations! 


NEW LITERATURE — Send today for new Catalog SM56 
I with complete engineering details on Spacemaker line. 
\ Write The Tomkins-Johason Co., Jackson. Mich. 
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• INDUSTRY 

money for a 100-ft. square turning basin 
to be installed at the end of the exist- 
ing tank to check taxi-tum charac- 

A new S400.000 air Bow facilitv that 
is fairly unusual in the industrv is 
capable of testing complete pneumatic 
systenis such as the bleed air network of 
a jet fighter in a wide range of condi- 

It includes a USAF-owned electronic 
equipment cooling chamber in which 
avionic gear is subjected to heating 
such as a fighter penetrating the thennal 
thicket might encounter. This allows 
checking of the abilih- of the pneu- 
matic system to cool avionic systems. 

An older air flow facility now is 
carrying air at high temperatures and 
pressures to study the use of pre- 
compressor uatcr injection cooling for 
turbojet engines. 

Tlic Astronautics Division has one 
of the larger division-owned test sites 
at nciirby Sycamore for static firing of 
the rocket motor of the Atlas ICBM 
and other large rockets. Quiet-running 
missile components arc tested at a 
facilib' on Point Loma. 

San Diego Division has a large elec- 
tronics laboratory whiclr includes about 
S2 million worth of company-owned 
equipment. A partial list includes four 
microware taiigcs-onc is 30,000 ft. 
long-three microwave anechoic cham- 
bers. a microwave incrferometcr. neat 
field phase and amplitude recording 
equipment for verifying theoretical an- 
tenna nroblcms, a 1,500-ft. microwave 
borcsignt range with an accuraev of 
0-2 mil angular deviation, and the 
beginnings of an infrared lab. 
Convair's Philosophy 

Expenditures of this order, when 
they arc made by a business concern 
dedicated to making profit, indicate 
a compelling motive. 

Dr. Critchfield explains the principle 
behind the company’s investment in 
lescarch and development this way: “A 
manufacturer of airplanes and missiles 
is so dependent on the products of the 
laboratory that he cannot afford to lack 
understanding of what is happening 
there. And as is well-known, you can’t 
really stay abreast of what is happening 
in ,1 field of science unless vou're work- 
ing in the laboratory vourself. 

■’Another purpose our work serves is 
to maintain a demand and a training 
ground for young scientists, Tradition- 
ally, these ate the functions of the 
universities. But because of the pres- 
sure of enrollments and the backward 
attitude toward research of some state 
legislatures, they arc falling down on 
the job to some extent. 

"Because of the distribution of wealth 
in this country it is logical for private 
industry to bake some of the responsi- 
bility. We think it is profitable." ■ 
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precision components 


• ROTATING COMPONENTS 

• RADAR ANTENNA DEVICES 

• GYROS 

• COMPONENT PACKAGING 


ECLIPSE-PIONEER DIVISION, BENDIX AVIATION CORPORATION 
TETERBORO, N.J. 






FUNCTION 

STANDARD 

CONSTRUCTION 

CORROSION 

RESISTANT 

TEMPERATURE 


: 

: 

jl.-Po~er Tronimitlor 
mh-ol Tionsfonnor (HI-21 

^vor (Hl-Zl 

•r.oBol ISorvo Applicotiool 

folver (Omni ApplicoKon) 
olvor (HI-Fr«<iuincY) 

AY-20 05-1-8 
AY-20 0&-2-B 
AY-20 3-S-B 
AY-20 OS-4-B 
AY-20 OS-S-B 

AY-22 OS-5.B 
AY-22 027-8 
AY-23 OS-3-B 
AY-23 3-4-8 
AY-24 3-i-B 
AY-25 3-24-8 
AY-28 3-3-8 
AY-27 JS-43-8 

AY-20 OS-44-B 

AY-20 OS-26-8 
AY-20 3-38-8 
AY-21 OS-42-8 

AY-25 0B-3«-B 
AY-27 OS-46-8 

AY-20QS-31-8 
AY-21 OS-48-8 

AY-27 3-46-B 

TYPICAL No 

— T- « 

ayIoo?^ 

’its 1 » '' 



k jjjr^ 

PE N, 

FUNCTION 

STANDARD 

CONSTRUCTION 

CORROSION 

RESISTANT 




AY-40 O-l-A 
AY-43 n-l-A 

AY-40 G-2-A 
AY-43 0-2-A 


f^|F=a 


FUNCTION 

CONSTRUCTION 

CORROSION 

RESISTANT 

TEMPERATURE 

TYPICAL 

=». AY-S03-2 H 


AY-50 33-AI 
AY-50 J-4.A1 
AY-50 0-5-A1 
AY-51 O-10-A1 
AY-52 0-3-A1 
AY-53 J-3-A1 
AY-54 J-S-A1 
AY-55 J-24-AI 

AY-50 a-25-AI 
AY-50 O-OB-Al 
AY-50 O-SS-AI 

AY-52 Q-25-AI 
AY-53 0-2S-AI 
AY-54 0-38-AI 
AY-55 0-39-A1 

AY-50 G-S-AI 




FUNCTION 

STANDARD 

CONSTRUCTION 

CORROSION 

RESISTANT 

HlOH TEMP. AND 
CORROSION 
RESSTANT 


TYPICAL A 

AY-600-1 V,« 


AY-60 Q-3-A1 

AY-60 n-10-AI 
AY-60 G-8-A1 
AY-62 0-3.A1 

AY-60 J-6-A1 
AY-60 G-S-AI 
AY-60 O-II-AI 

AY-62 D-5-AI 
AY-63 J-S-AI 

AY-60 n-12-AI 
AY-60 G-R-AI 

AY-63 I3I2-A1 
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ECUPSE-PIONEEB 


AY-2400-9 

AY-2400-10 

AY-2400-12 




ECUPSE-PIONEER 
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■' ' PRECISION GYROS FOR ALL APPLICATIONS , 

Ecltpse-Pioneer . . . Ihe notlon'i foremost supplier of ponel Indicator gyros . . . offers a complete line of 
gyros to meet all opplicotions. This group includes oil Ihe basic vertical, rote, free, and directional gyro 
types used os reference components in complefa navigation, radar, compass, outopilot, and gvidonce systems, 

VERTICAL GYRO TRANSMITTERS 



.. 1 3 >0111, 0.8S P.F. 


Auloiyn ei 
Erection ro 




Type Number T4I10-1-A 



COMPONENT PACKAGING 



Servo FoMowrUp Package External Slip Ring Aulosyn 

ECLIPSE-PIONEER DIVISION 

Circle Number T92 on Reader-Service Cord 


Ssletrr nevnling cletirp or So 


s tonipltle terve foilo«-up sob* 
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BELL TELEPHONE LABORATORIES cescacch, development end some interns engincerin| ace ecnitcred at Miiiray Mill, N. J. 


Bell Advances Avionics on Wide Front 


By Philip J. Klass 

If Bell Telephone Laboratories in its mote than 30 years of existence 
had produced but one discoverv— tlic transistor— its contribution to aviation 
and iiiilitarv defense still would be felt for decades. 


rliii would be true even if the tran- 
sistor were nil end in itself, instead of 
the first of a whole new family of solid- 
state den ices that pniinisc to reshape 
radically the art of electronics. 

The transistor is hut one of many 
significant developments to come out o( 
Bl'I.'s search for fundamental under- 
standing in the field of comimiiiications 
and related arts. Because the future 
progress of asiation .ind defense is be- 
coming increasingly dc]jcndent upon 
new adsances in these fields, B I'L’s 
future contributions may easily surpass 
those of the past. 

Scope of BTL's Effort 

W ith more than 3.100 professional 
scientists and eiigiueers. and an -inmuil 
budget of around SI 50 million, BTL's 
acti'itics today probably represent be- 
tween 5 and 10% of the nation's total 
research and development effort in 
electronics and communications. 

Ten vears ago, before the advent of 
large-scale inilitarv sponsorship of re- 
search and dcselopment, B'I’L’s efforts 
probable represented close to 25% of 
the nation's total activity in this field. 

Because Bell Telephone Laboratories' 
activities include fundamental research, 
development, design and systems engi- 


neering. BTL is reprcsciitatiic of the 
efforts of hundreds of avionics niami- 
factutets and several dozen industrial, 
jjrivate and university research groups. 
Yet the ground rules which B IT oper- 
ates make it unique in many ways. 

Tlicse contradictory characteristics 
both stem from the fact that B IT. was 
founded to advance the state of the 
communications art for its parent or- 
gaiiizatimi. American Telephone & 
Telegraph Co., and to assist its sister 
organization. Western Lilectric. T his 
rcni.iins BTL's primary goal. 

The companv has not followed the 
example of maiiv others— Genera! Klcc- 
tric for cximiple-of exploiting new re- 
search discoveries, sucli as silicones and 
synthetic diamonds, to move into fields 
outside main-stream activities. Cener- 
allv speaking. BT’L points only tovviird 
knowledge or daices needed hv the 
parent company for present activities, 
and docs not seek new lines of busi- 
ness endeavor, 

.Mthough this might appear to cir- 
cumscribe seriously the areas of BTL’s 
research and dcvehipmcnt, the tccli- 
nologi' of communications has become 
so complex and embraces so many of 
the scientific disciplines that BTL’s cf- 



SCATTER coininuiiications and other jrrupa- 
gotion research arc carried out at SIT 
facility located at Miilnidel, New Jersey. 
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foils range fiom the sub-microscopic 
inner workings of the atom to tlie 
hcarens, whose little-understood radia- 
tions have signiheant effects on radio 
communications. 

This great diversity makes BTL’s 
contribution to aviation and the defense 
effort far greater than might be ex- 
pected from the number of its scientists 
engaged in specific defense projects. 
Approximately one-third of the profes- 
sional scientists and engineers here work 
on specific defense projects which make 
up about 50% of BTL’s annual budget, 
importont Defense Tasks 

In this day of mass scientific attacks 
on weapon system development, 1,000 
scientists in military work appears a 
modest number compared to many 
other defense contractors, piirticularly 
in view of the major programs assigned 
to BTL and Western Electric. 

BTL holds development and engi- 
neering responsibility for the Nike 
missile, guidance systems for two of 
the Air Force ballistic missiles, the 
DEW' Line radar net in the Arctic and 
several other important defense pro- 
grams, Despite the modest numbers. 
BTL and W'estem Electric have a 
record of highly successful accomplish- 

The bulk of BTL’s scientists make 
tlicir contributions to the defense effort 
in less obvious but cquallv important 
arciis. For crample, BTL's fundamental 
research, usually companv financed, has 
|)roduccd or promoted such advances as; 

• The transistor. 

• Scatter communications, so vital to 
military communications in the Arctic. 

• Penile isolator, now widely used in 
radars to prevent unwanted signal re- 


flections from adversely affecting trans- 
mitter performance. 

• Greatly improved magnetic ma- 
terials. 

Mote than half of Beil Telephone 
Laboratories’ manpower is devoted to 
improving and expanding the capabili- 
ties of A.T. & T.’s communication serv- 
ice-thc lifeline of industry and de- 
fense, including the SAGE air defense 

.Mthough BTL recognizes its re- 
sponsibility to take on difficult defense 
programs, it also believes that in pencc- 
time it must devote sufficient effort to 
assuring that A.T. & T.’s lifeline will 
be able to meet the future demands of 
both civil and militan’ users. 

For this reason its officials trv to 
limit defense activities to approximately 
the present ratio. ’ITvis makes B'!!, al- 
most unique among defense contract- 
ors in that it never seeks militan' work, 
and nnist often turn it down! BTL 
encourages the military to seek its serv- 
ices only when no other suitable con- 
tractor can he found, and when the pro- 
gram carries a high prioritv. W'ithout 
such limitations, BTL probably would 
find itself almost compictelv devoted 
to defense work. 

How BTL Is Organized 

’fhe laboratories are divided into six 
operating groups, called Vice Presi- 
dential Areas for lack of a more snifable 
term. Each is headed bv a BTL vice 
president. 'Die six groups, their in- 
dividual percentage of B TL’s total pro- 
fessional staff, and the vice president in 
charge ate: 

• 15% Research; Dr. W. O. Baker. 

• 55% Development— Transmission and 
Switcliing; W. A. MacNair. 


• 15% Development— Outside and Sta- 
tion Equipment; M. H. Cook. 

• 10% Systems Eiigincciing; E. I. 

• 13% Militarv Systems: R. R. Hough. 

• 12% Military Systems: W'. C. Tinus. 

Research and Development area ac- 
tivities are centered at Murray Hill and 
Holmdcl, N. J., Military Systems at 
Whippanv, N. J„ and Systems Engi- 
neering in Nevv York City and Murray 
Hill. B'I’L also has a number of satel- 
lite groups around the country. 
Research Philosophy 

Objective of BTL's research is to 
coax nature to give up more of lier 
secrets, to discover and gain funda- 
mental understanding of phy.sical phe- 
nomena, according to Dr. W'. O. Baker, 
vice president of the research area. 

More broadly stated by D'r, Marvin 
.1. Kelly, BTL president, the objective 
IV to provide "coupling between tbe 
ever-advancing forefront of pure science 
and the forward march of our communi- 
cations technology. ’’ 

Very few of BTL’s research task.v arc 
under military sponsorship, either di- 
rectly or indirectlv . 'Ilic rca.son, accord- 
ing to Baker; "Our job is to discover 
what the military does not yet know 
it wants or needs." .Another revison i.s 
that fundamental research, unlike de- 
velopment or production, cannot l>c 
scheduled. 

Another interesting difference be- 
tween fundamental research and an 
engineering project is that research 
usually is flic work of a few minds and 
docs not lend itself to mass attacks. 

Although BTL research often leads 
to significant breakthroughs like the 
transistor, its objective usually is not 



BTL military systems activiti’cs. svich as Nike, 
are located at Whippany, N. f. 
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at air traffic control and communication problems, 


BTL sy.stcms engineering includes studies ' 

From this eativ search for better un- 
derstanding, and efforts by BTL, Har- 
vard. Massachusetts Institute of 'I'cch- 
nology and other research groups, came 
the solid-state spin oscillator, or Maser, 
which holds promise of prov iding major 
gains in the performance of raJac and 
communication systems. 

Creative Environment Necessary 

Productivity of a research group can 
])c greater or less than the sum of the 
skills of its individual members. T’he 
determining factor often is the environ- 
incnt in which the tcscarchets work. 

Scientists in B’TL’s research effort 
usually hold PhD’s and are what Baker 
calls "individual scholars’'-scieiitists 
capable of carrying on independent re- 
search, When) a scientist joins the lab- 
oratory, he seldom is assigned to a 
specific research task. Instead he is 
urged to look around until he finds an 
area or a problem which be finds inter- 
esting and challenging. 

B TL officials believe their research- 
ers must enjoy full freedom to select 
projects which arouse their scientific 
curiosity. T’or example, a development 
engineer in another BTL area may have 
a pressing problem which he believes 
requires fundamental research effort. 
Yet there is no way in which he can 
bring topside pressure upon the re- 
search group, or any individual in the 
group, to tackle the problem. 

Tfic development engineer either 
must find a researcher who is inter- 
ested or he must arouse the researcher’s 
interest. Baker said the researcher must 
always have the tight to say no. 

In a research organization, the or- 


ganizational chart must be extremely 
flexible and tailored to the individual, 
rather tlian forcing him to confonn to 
a master plan. Baker says. This fre- 
quently results in an organization chart 
that makes good scientific sense even 
though it does not conform to accepted 
industrial organization practices. 

Barriers which previously appeared to 
separate different scientific disciplines 
are fast disiippearing in research, llie 
transistor, for example, draws on the 
efforts of chemists, physicists and 
metallurgists as well as electronics engi- 

With close to 500 scientists in re- 
search. communication of findings be- 
tween researclicrs assumes major im- 
port-ancc. Wlrat might appear to he an 
unimportant obsen'ation in a chemic:il 
research experiment may hold profound 
implications in metallurgy. 

"Unncccssarv duplication,” Dr. 
Baker says, “is the malignancy of 
science and the disease of progress.” To 
maintain communications between 
members of the staff, BTL relies heav ily 
on informal lines of communications. 

One of these is the technical memo- 
random, or Mhf. Scientists are encour- 
aged to write up even preliminary find- 
ings in MMs. Tlicse are circulated to 
anvone in the laboratorv who might 
be interested. Even wider distribution 
is made in a monthly listing of the 
titles of MMs issued by all staff mem- 
bers. To encourage tiiis medium of 
communication, no special approval r>r 
editorial excellence is required. 

Seminars and infomial gafhetines arc 
another importiint medium of ex- 
change. In certain areas such as semi- 


new devices or techniques as such. 
W'hen B’TL started the research pro- 
gram in the mid I950’s that cvcnfually 
led to discovery of tire transistor, it was 
not looking for a replacement for tbe 
vacuum tube. 

Rather, B TL officials recognized that 
work in quantum theory had opened 
the door to a new field of scientific in- 
vcstigiition— what todav is c-.illcd solid- 
state physics. 

.\ group of young scientists was 
formed to seek basic understanding of 
solid-state phenomena. It was not until 
more than a decade later, in 1948. 
while tcsearcliers were seeking to un- 
derstand the nature of semiconductor 
surface, that they discoveted the tran- 
si.vtor principle. Several vears earlier the 
idea occurred to members of tiiis group 
that it miglit be possible to control the 
flow of current in a semiconductor, and 
thus to produce transistor action, but 
the actual invention occurred in quite 
an unexpected wav. according to Baker. 

A more recent example of the w-ay 
that a search for Ixisic knowledge can 
produce tcchnologic.il breakthroughs in 
devices is the Maser, or s|jin oscillator. 
Spectroscopy employs visible light to 
determine the comijosition and char- 
acteristics of gases or other partially 
transirarcnt materials by determining 
which portions of the visible spectrum 
are absorbed bv them. 

In 1946, Dr! Charles Townes (then 
with BTL. now at Columbia Univers- 
ity) saw the possibility of using micro- 
wave tccliniqucs developed for wartime 
radar instCiid of visible light in spcc- 
tro.scopv to studv the .structure of 
molecules in gases. Ilis idea was that 
each material would have characteris- 
tic absorption bands in the inicrow-avc 
frequencies similar to those in the visi- 
ble spectrum. 


BETTER transistors come From BTL icscaicti 
in metallurgy and chcnitstr)’. 
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conductors, wliicli in\ol\c scientists 
from a large number of groups, rcgiilat 
meetings arc held every two weeks- 
M.iny of these ate attended by mein- 
bers of semiconductor device dcselop- 
ment groups to learn of new research 
advances and to report current |)rob- 
Icin areas which may attract research. 
Supervisor's Role 

111 research actisitics one of the 
supervisor’s primary tasks “is to create 
the right climate." according to II. 
White, director of the semieondretor 
research sub-department. The supervisor 
must also be alert to suggestions from 
scientists which may levid to opening 
new fields for exploration. 

,'\nother major responsibility of the 
supervisor is to maintain close contact 
w ith the efforts of his scientists in order 
to spot gaps in the attack which inav 
merit efforts bv others and to arouse 
interest in ex|)loring these areas'. 

Unless a field of investigation is 
challenging, it Ls difficult to get good 
scientists to work in it, W'hitc jniints 
out. A supervisor therefore must recog- 
nize nhen a resc-arch area is beginning 
to lack appeal and eitlicr transfer men 
to other activities or broaden the area 
to bring in interesting new problems. 

I'hesc requirements demand that a 
supervisor liavc considerable scientific 
competence in his field. Most at BTL 
are PhD’s. 

"The true scientist lias a ven- strong 
motivation to botli find and reveal tlic 
truths of nature,” W'hitc says. I’lir- 
tlicrmorc. intcrcliange of knowledge 
through publication is the life lilood 
of scientific advance. W'licn scientists 
arc restrained from publisliing tlie re- 
.Milts of tlrcir rescaicli, thev tend to lose 
interest, he said. 

B'l’L vigorously encourages its scien- 
tists to publish the lesidts of their 
labors. 

Three Research Deportments 

W itliin the lalmratorics, fundamental 
tc.scarch is Carried out by tlircc general 
tieparlincnts wliich report to Baker: 

• Physical Sciences, licaded bv Dr. 
H. \V. Bode. 

• ITigli Frequenev & Electronics, tinder 
Or. if. T. Friis, 

• Electrical Communications, headed 
by Dr. J. R, Pierce. 

The Physical Sciences department 
embraces neatly all the fundamental 
sciences, including organic and plivsieal 
chemistry, solid-state physics, metal- 
lurgy and mathematics. 

I'licre is no basic research in aero- 
dynamics as such, but the niathcmatics 
group under Dr. Bode made the prelim- 
inary aerodynamic control studies for 
Nike and has performed similar tasks 
for other systems developed by tlic .\Iili- 
hiry Systems group at W’hippany. 

Semiconductor research is a signifi- 


cant part of this department’s work. 
One phase of this program seeks better 
vindcrstanding of the properties of new 
semiconductor Compounds, wliieli arc 
made from two elements instead of a 
single element like germanium or sili- 
con. One material midct study is gal- 
lium arsenide, which appears to have 
tlicoretical possibilities of raising tlic 
top operating temperature of tran- 
sistors from the present 200-s00C limit 
to the 600-700C range. 

One problem with gallium arsenide 
in trying to grow single crystals is that 
the material decomposes at its melting 
point, hut BTL researchers believe that 
this can be solved. 


• INDUSTRY 

Another program seeks to understand 
why semiconductors behave as thev 
do at extremely low temperatures near 
absolute zero. Recent experiments re- 
vealed tliat a semiconductor subjected 
to meciranicai stress at tliesc tempera- 
tures undergoes a change in resistance 
100 to 1.000 times greater than tlicorv 
liad predicted. Purpose of this program 
is not to find an .application for this 
new discovery but to find out why it 
docs not conform to the old theories. 
I’his answer could be far more signifi- 
cant tlian development of a single new 
device. 

Invention of tlic diffusion process for 
fabricating transistor.s-which makes it 
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AMERICAN ELECTRONICS. INC 



packaged 
power 
geared 
to your needs 

AEI motors with their 
custom dreignetl gear assemblie.s 

deliver shaft speeds from 1/10 to 
1 . . . according to your 
These dependable units 

assemblies, camera 
gear 

required. 


Gear assemblies, either spur or planetary type, clutches 
and brakes are built into one compact, trouble-free unit. 

Special shaft configurations such as slotted, keyed, pinion, 

flat and others are available. The motors used are normally 400 cycle 
(higher frequencies available) and are built to withstand 

extreme temperature, shock and vibration conditions. 

All units meet military and other applicable specifications. 


When you need a dependable power and gear package. 

you can rely on American for both design and 
deliveries- Write for Bulletin 



AMERICAN 
ELECTRONICS 
INC. f” 


Have you beard about the arnazing engineering 
opportunities at American? 


possible to control accurately the 
amount and depth of inipurih' penetra- 
tion and thcreSjy results in transistors 
with higher frequency response— has 
provided a useful new tool for studying 
chemical structures. This nc»' tool, 
sometimes called "solid-state chemis- 
try.” makes il possible to "dissohe" 
controlled amounts of two different 
elements in a solid material, like ger- 
manium or silicon, then study their 
interactions. 

High Frequency & Electronics 

One of tlie major efforts of the Higli 
I'rcqucncy and Electronics Department 
is in the field of electron beam dy- 
namics. aimed at belter understanding 
of the ven complex nature of an elec- 
tron beam. 'Iliis knowledge is then ap- 
plied to research on traseling wave 
tubes and backward wave oscillators. 
RcccntU the group has turned some of 
its effort to Masers and spin oscillators. 

.Another major activity, carried out 
at liolmdel, is in radio propagation, 
scatter communications and micro'vase 
links. 'I'his group soon w ill report on a 
theory which it has developed, and ex- 
perimentally s'crificd, to explain varia- 
tion of tropospheric scatter signal 
strength svith frequenev and antenna 

lire liolmdel group also researches 
the application of ncs\' waveguide tech- 
niques for wideb.ind transmission and 
such new devices as ferrite isolators, cir- 
culators and spin oscillators. In one 
sense tliis group might be called "sys- 
tems engineers on a research les el," Dr, 

Electricol Communieotions 

The Electrical Communications De- 
partment's activities are carried out by 
three groups: 

• Switching Research, which .seeks new 
techniques for high-speed switching and 
data storage. A major program is under 
way to explore new materials for achiev- 
ing larger, highcr-speed, lower-cost data 
storage. One recent development is a 
small computer which can analvzc the 
design of complex switching networks 
to detcnninc whether thes use the 
minimum possible number of relays. 

• Transmission Research carries out in- 
vestigations in such fields as digital com- 
munications, using pulsc-codcd modula- 
tion, seeking ways to send more informa- 
tion O'er existing circuits with greater 
leliability. Work includes dem ising new 
types of cables .suitable for digital com- 
munications and investigation of new 
terminal facilities for pros’iding more 
economical and versatile transmission of 
voice and pictorial material. 

• Visual and Acoustic Research delves 
into the hunipn aspects of cmnmiinica- 
tions. .A typical investiption is trving 
to learn what elements of human 
speech can be deleted in a narrowband 
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transmission and still retain natural- 
ness. .Another seeks to determine how 
mudi and in what ways the <|iiaiit\ of 
a I'V' picture can be reduced, in order 
to use less cxijcnsivc transmission facili- 
ties, without objectionable detenora- 

One small project established that 
]7coplc with no special training can read 
p.itfcrns of lights representing digits 
in binatv code as qnicklv and acenrateh 
as they can read lighted Arabic numer- 
als. 


Researcher Doesn't Develop 

In Bel! Telephone Laboratories the 
fundamental researcher may cany his 
work to the point of constructing an 
cxpcrinicntiil model to demonstrate a 
principle, but asuiilly no further. Con- 
verting new discoveries or techniques 
into working devices is the responsi- 
bility of BTI.'s development areas. 

There arc several good rc.iscms for 
this policy. Once the fundamental rc- 
.searchcr has uncovered nesv knowledge 
he iisualh is anxious to get on with 
other research projects. Sccondlv, eco- 
nomic factors and time schedules must 
enter into anv hardware development 
phase and both arc foreign to the 
fundameofal researcher. 

If a fundamental researcher feels 
strong motivations in the direction of 
development he can move into this 
area. Many of the scientists in devel- 
opment began their careers in Tcscirch. 

Although many of BTL's devcloj)- 
ment activities, sucli as tlie design of 
central office telcplionc equipment, in- 
volve engineering skills predominantly, 
others such as development of tran- 
sistors and microwave tubes depend 
heavily on both engineering and re- 
search-type skills. 

Devices Department 

A good example of the latter can be 
found in the Devices Department, one 
of four in the development area headed 
by MacNair. 'This department, headed 
by I. .A. Morton, is responsible foi 
development of solid-state devices, elec- 
tron tubes, and passive components 
such as resistors and capacitors. 

It employs about 2555 of the scien- 
tists and engineers in MacNair's area, 
but it has an cxtrcmelv high percentage 
of PhD's (about 50%). Many of them 
came from the rcscatch area. 

In mid-1948, after fundamental re- 
searchers had gained sufficient knowl- 
edge of tran.sistor amplification to per- 
mit device development, BTL formed 
a solid-state development group to ac- 
quire sufficient knowledge for transistor 

'1^ design of a transistor appeared 
deceptively easy. It consisted inciely 
of a crystal of germanium and two tiny 
cat-whiskers. But, as Morton points 


AMERICAN ELECTRONICS. INC. 

SERVO MOTORS 


...for temperatures to 350° F 



For years. American servo motors have bqen standard 
components in many types of aircraft, anaii^ computers 
and missile electronic systems. In addition to their accu- 
racy and dependability, their ability to deliver rated 
output continuously in ambient temperatures up to 
350 F has contribute greatly to their acceptance. 

AEI servo motors are of 4, 6, or 8 pole types and are 
designed for 400 and 1600 cycle operation with reference 
phase voltages of 115, 57*4 or 26 and control phase volt- 
ages ranging from 26 to 320. They deliver nominal stall 
torques from .6 to 2.9 in. oz. with no load speeds from 
5,000 to 10,000 rpm. 

These motors are available in many shaft configurations 
and can be designed to meet your exact requirements. 
For teehnicnl information on these and other high tem- 
perature electronic components, write department 
26-JE. 
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^ ONE HAND OPERATION 
^ VISUAL AIDS FOR DETERMINING 
LOCKED POSITION 
^ OPERATES FREELY WITH LIQUID 
OXYGEN OR NITROGEN AT - 320° F. 
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^ SELF-SEALING ON DISCONNECTING 
^ NO EXTERNAL LEAKAGE 
ON CONNECTING 
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out, the development group quickly 
discovered that it w.is practicallv im- 
possible to achieve uniform transistor 
performance characteristics even in 
pilot production. 'Ihov concluded, 
after investigation, that the problem 
in large part resulted from lack of homo- 
geneity in the germanium. This led to 
further rcsearcfi and the development 
of single ervstal techniques. 

Still later it was found that tran- 
sistors were falling far short of the ex- 
pectation that they would have almost 
indefinite life, .\ftcr considerable in- 
vestigation. the development group con- 
cluded that contamination bv imdesired 
impurities of the germanium crsstal 

e robably were responsible. But more 
asic knowledge of the specific con- 
taminations and the mech.inism of con- 
tamination were needed, so Morton’s 
group again went to work with the 
researchers. 

Two researchers in differcirt fields, 
working independently, hit upon one 
cause of the problem-minute traces of 
copper in tbe germanium. The search 
for ways to avoid this contamination led 
to development of the new diffusion 
process which also irermitted major 

B ins in transistor frequency range. 

owever, still more work is needed to 
achieve complete understanding of semi- 
conductor surface problems. 

Bccause solid-state devices arc push- 
ing so close to the frontiers of knowl- 
edge, there must be extremely close liai- 
son between researchers and device 
developers. Tliis. Morton said, takes 
place largely on an informal man-to- 
man basis. Problems encountered bv 
the devices people often raise chal- 
lenging new questions and lead to new 
research projects. 

Much of the work in solid-state de- 
vice development would, in many com- 
panies, be called research. This ex- 
plains why Morton's group consists of 
so many PhD's and pnvsicists. To de- 
velop transistors suitable for specific 
functions the group must understand 
the factors that control aniplifie.ition 
bandwidth, noise figure, energy levels 
of output and must have considerable 
knowledge of materials and proccssiitg. 

While the research people are going 
after more basic understanding of the 
Maser phenomena and seeking a wider 
range of useable nraterials. the dev elop- 
ment grrnip is investigating whether the 
device wn provide sufficient gain, band- 
width and low noise. 

Not all developments require con- 
tinuing research efforts. One example 
is the magnetron, where all of BTl.'s 
efforts now arc concentrated in the de- 
velopment area. 

"liiis docs not mean that future mag- 
netron progress is limited to minor im- 
provements. For c.xamplc. BTL Iras 
developed a new technique for making 


Compact 

aerial 

refueling 



feature 


DV collapsible 


Drogues 



Dalmo Victor collapsible drogues, comiMible wUh 

all hosc-lype fuel transfer systems, are already 
used by Boeing, Douglas. McDotmell and North 
American in their aerial refueling equipment. 
U'lieit dejiloyed. these drogues provide a stable, 
standard-siie target; yet they collajrse to slow in 
a 12" cylinder. * 


All-In-One Refueling Package available soon 
DV’s all-in-one refueling package includes reel, 
hose, collapsible drogue . . . and features an ad- 
vanced method of reel control utilizing hydraulic 

enable Dalmo Victor to deliver this refueling 
package operationally tested to specific customer 

Long- recognized leader in airborne radar anten- 
nas, Dalmo Victor now applies its experience and 
skills to creating advanced aerial refueling equip- 
ment. Contact the nearest DV office for more 
information. 
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This Bausch & Lomb 
technologist is vacuum-coating 3 
lens 2ini]i thick with thin films of metallic 
salts to increase Control of light and Color. If the lens 
were enlarged to the height of Mt. Washington 
(6,288'), the lens coating would be equivalent to a 
four-inch transparent layer. This submicroscopic sur- 
facing method, developed by B&L, makes possible 
miracles in selective reflectance and transmittance of 
light of any specified wavelengths. Practical applica- 
tions range from color TV to directional control of 
guided missiles. How does this kind of advance tech- 
nology fit in with your contract plans.’ 


Write for complimentary copy of 
LIMITED EDITION, "OPTICAL COMPETENCE” 
(on ofiicial letterhead, please, indicating 
title). Bausch & Lomb Optical Co., 86918 
St. Paul Street, Rochester 2, New York, 


BAUSCH 6- LOMB 


tunable co-axial cavit)' magiicttons, 
which Dr. John llombcch, ncad of 
clcctraii tube deiclopmcnt, called "the 
first major inagiieiron development 
since the end of the «nr." (Hombcck 
is former member of the rcscatch staff 
who has mosed into development.) 

M the end of World W'ar II, BTL 
decided to bow out of the magnetron 
business. Then the Whippany Mili- 
tary Systems group came up with a tc- 
quitcmcnl about three vears ago that 
outside suppliers appc.ired unable to 
meet, so BTL re-entered the magnetron 
field. 

Rouglilv 35% of the eleetton tube 
group’s efforts are pointed toward mi- 
crowave tubes, including inagnctroiis. 
traveling wase tubes and hacksvatd 
wasc oscillafots. The remainder of its 
effort is in rcceis ing and storage tubes, 
tlic former for its patent compam’s 

Rouglilv 25% of the desice dcs’clop- 
inciit group's efforts are under mili- 
tary sponsorship, cither directly or 
indirectly, through Whippanv. BTL 
undertakes developments tor Whippanv 
only when rcqiiircinciits cannot he met 
outside the company. 

BT'L carries its development to a 
point where Wesfcni Electric engineers 
can take o\cr and put the des’ice, or 
equipment, into production. To prove 
out design, BTL will produce pilot line 
quantities. In the case of tulses this 
may be as few as 50, or as high as 
scseral thousand in the case of tr.insis- 

To permit a smooth transition of re- 
sponsibility to M'estern Electric, and 
to work out deiclopmcnt bugs which 
imariably accompany production of a 
new deiice, BTL maintains satellite 
groups at several \\’E production 
facilities. For example, one of four 
departments under Njorton is stationed 
at W'estern Electric’s .MIentown. Pa., 
plant where the ^\'E produces tubes 
and transistors. 

Systems Engineering 

Systems engineering, a fairly recent 
addition to the militarv vocabiilatv. is 
an old practice at BTL, whose parent 
company operates the most complex 
system cicr conceived bv the human 
mind. Function of this vice presidential 
area, headed by E. I, Green, can be 
summed up as technical planning and 
control. 

\\'ith seicral thousand prolific BTL 
scientists turning out new techniques 
and dciices. a central group is needed 
to anah'ze the requirements of 
A. T. & T.’s operation to determine 
which inventions and discoveries should 
be adopted, how fhci' should be ap- 
plied, and when. 

An important objective is to select 
the most 'vorlinvhile projects for de- 
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scinpment .ind tn m.ikc the most clfcc- 
tisc use of limited development man- 


pmser. 

.-\nothct important function of this 
group is to anticipiitc future commum- 
eation requirements of T. & T. cus- 
tomers. includiiig the services, the 
airlines and the Civil .\eronautics Ad- 
ministriition in order to guide BTL's 
developmental efforts- Since both liii- 
mans and dollars plas a prominent role 
in comniunirations. they must be fac- 
tored into ans sssteras engineering 

\iost important, any nesv desclop- 
ments must either be compatible «ith 
the characteristics of the existing sys- 
tem or must be introduced on an es olu- 

Tlic end product of systems engineer- 
ing activities at BT L usually is a plan or 
program, not liatdware, Tlic men svlio 
perform these tasks must be broad in 
experience and b.ickground. with ex- 
tensile knowledge of BTL’s deselop- 
ijient and research activities and the 
specific problems of T. & T.'s operat- 
ing companies. 'Ihe men are mostiv 


enguieers hy tiamiira. 

BT L's Systems Engineering area is 
divided into three general departments; 

• Systems Studies, a long-range plan- 
ning group headed bj M. L. .Almquist. 

• Transmission & Outside Plant Engi- 
neering, under P. W. Blyc. 

• Switching & Special Systems Engi- 
neering, headed b\ l‘. /. Singer. 

The last group is the one which is 
studving civil asiation comnnmic-ation 
requirements under .Air Nasigation Dc- 
sclopmcnf Board sponsorship. The 
planning for United .Air Lines’ VllF 
ground-air communications nch'ork 
was carried out b\ the Transmission & 
Oiit.sidc Plant Engineering Department. 


ANDB Program 

Since 1952, Bell T elephone Labora- 
tories has had a small group studying 
civil aviation communications and al- 
ready has come up with some interim 
recommendations, although the pro- 
gram is continuing. 

There arc many similarities and .some 
differences between this problem and 
the ones Systems Engineering usually 
tackles. As in most A.T. &.T. studies, 
the objective was to find ways to im- 
prove the elficiencv of the present sys- 
tem if possible, to recommend changes 
that could be introduced in evolution- 
arv fashion without disrupting existing 
service, and to achieve this improve- 
ment at miniinuni expense. 

Such a studv involved an analvsis of 
existing facilities, operational tech- 
niques and utilization, or load factor. 
It also involved studies of the human 
operators-in this ease the pilot ;md 
traffic controller— who always figure 
piominentiv in any analysis of a com- 
munications problem, according to 


Kenneth Van Wvneii vvho heads the 

' To make the study, BT'L people first 
had to faniiliari/.c tlicmsclves witli traf- 
fic control procedures and problcnu, to 
determine the relationship between 
communications and traffic firm. To 
assist in this education process. BTL 
hired Charles Stanton, former CA.A Ad- 
ministrator. In the course of its studies 
BTL found that individual traffic con- 
trollers. like human telephone opera- 
tors, van- vvidclv in their traffic handling 
abilitv, 

Out of these studies, for example, 
has conic a BTL report that reconi- 
mends adoption of a gtouiul-air data 
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link. Since data link messages iiinsl he 
transmitted from a ground d.ita link 
station to traffic control centers. BIT. 
rteonimeiuled a time division, moder- 
atelv slow rate data link (<>‘'11 hits see- 
ond) wliicli eiiiild use exisling lele- 
plione lines and would mil (e>|uire 
installation of more exjx'nsive faeililies- 
Changes Often Operational 

BTT.'s long experience in solvhis; the 
prohleins of it.s ijarcnl eoiii|)anies lias 
tauglit tlie systems engineers tliat the 
Ix'st solution to a nmhlem niav come 
from operational cliangcs rather than 
the addition or modific-ation of equip 
ment. In .seeking solutions to tlie air 
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Answers to the Toughest Problems 

in Jet Aircraft Cooling . . . 




LIGHTWEIGHT. 


■THINWALU 


STEUIflRT-UIRRnER 

HEAT EXCHANGERS 

Stewarl-Warner's unexcelled experience can be used to meet your heat transfer needs! 





The South Wind Division of Stewert>Worner pioneered the 
development of heat exchange equipment for heating modern 
aircraft. Now South Wind is the leading producer of heat ex- 
changers for cooling. Lightweight thinwail units in both stainless 
steel and aluminum — either air-to-air, air-to-liquid, or air-to- 
evaporating-liquid— are being designed and fabricated for a wide 
range of new and important uses. If you have a heat transfer 
problem, South Wind engineers can help you solve it. No obliga- 
tion. Write to South Wind Division, Stewart-Warner Corpora- 
tion, Indianapolis 7, Indiana. 
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PIONEERING IS OUR BUSINESS 

FUELIlOW SYSTEMS 
HEADQUARTERS 



*^Sma/l fwin 
Single engine 


PIONEER-CENTJIAI 

now builds flow meters for every capacity 
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communications problem tlic systems 
engineering group found itself analyzing 
traffic control operating procedures. 

One of BTL’s current ANDB proj- 
ects calls for a ssstein engineering study 
and rccoininendation for pto\-iding an 
integrated svstem of communications 
which will pros ide soice, data link, fac- 
simile, and transmission of radar and 
utlier pictorial data. 

Studies to date emphasize that some 
aviation coimiiunication channels arc 
badly overloaded while others have rel- 
atiscly low utilization. 'Ibis suggests 
the possibilih of using techniquc^ de- 
veloped for telephone exchanges to 
share the load among ail ai ailablc chan- 
nels and tlicieby raise utilization of 
existing facilities. 

The systems engineering group also 
is working with CAA’s Technical 
Dcselopment Center to develop tccli- 
niques to isermit automatic storage and 
call-out of aircraft flight plan data and 
for a. speedy high-solume weather dis- 
tribution telchpc svstem. 

Military Systems Groups 

Within recent months Bell Tele- 
plionc Laboratoric-s 1ms divided its mil- 
itars systems actisities at W'hippany 
into tu’o groups, each headed bv a vice 
president; R. R. 1 lough and W. C. 
Tinus. Practically all of tlic work at 
Whippany is under direct military con- 
tract. approximately 25% for Nasyand 
die rest split almost evenlv between Ait 
I'orce and Amiv. 

Hough’s area of rcsponsibiliti- en- 
compasses tlicsc three general depart- 

• Guided Missile Des’clopinent, headed 
by L. W. Morrison. 

• Militan- Systems Development, un- 
der J. P. Moiniir. 

• Military Engineering, under J. M. 

As prime contracbr for the Nike 

major power in the missile business. 
Yet in some ways it is unique among 
missile inanofaeturcrs. Hough points 

BTL lias no desire to expand its 
share of the missile business. In fact 
it has been forced to do an inctc.ising 
amount of subcniitracfing to liaiidic 
the expanding requirements of its ex- 
isting missile programs. 

.Another notable difference is that 
BTL makes its own missile experts, 
bringing them op through the ranks, 
Morrison says. Tlie laboratories do not 
engage in the mad recruiting race char- 
acteristic of many other missile makers. 
BTL recruiting bikes place primarily on 
the nation’s campuses. 

This tends to gi\e its military engi- 
neering groups a stabilitv not often 
found in other defense contiactois. 
TTie laboratories lose less than four jicr- 


Pioneer-Central, acknowledged fuel 
flow systems headquarters for com- 
mercial and military aircraft of every 
description, has broadened its line 
to include private and executive type 
airplanes as well. 

Now. a Bendix fuel flow system on 
your private or executive twin can 
help you control fuel consumption 
with the same precision as a jet or 
commercial transport pilot. Divi- 
dends in fuel economy, greater engine 
efficiency, lower over-all costs and 
longer range arc made possible. 

Two new models for lower rates of 
fuel flow arc available. Indicator 


ranges from 30 to 300 pounds' per 
hour for private types — from 50 to 
500 per hour for executive twins. In 
appearance and accuracy they are 
identical to their “big brother” coun- 
terparts. 

Let a Pioneer-Central fuel flow 
meter take the “guess” out of your 
plane’s cruise control. See your Ben- 
dix distributor today. NVrite for 
publication No. 57-241. pioneer- 
central DIVISION, BENDIX AVIATION 
CORPORATION, DAVENPORT, IOWA. 



Pioneer- Central Division 


DAVENPORT, IOWA 


AVIATION WEEK, June 3, 1957 


247 





• INDUSTRY 



Everyone in Avistion is talking about THE G 
HUSTLER — its amazing pertormanco— and 
speed with which it was devoloped from i 
cept to prototype flight. To meat this speed, 
Convair was given freedom by the Air force to 
select their own components from the vendors 
best qualified to design and deliver on sched- 
ule. Convair engineers chose Hokanson ground 
support air conditioners for the vital work of 
pre-flight check-out and testing. 

These support air conditioners were rushed 
through design and production to meet the 
scheduled first flight of the B-53, utilizing 
Hokanson's technical know-how and years of 
esperience in the field. There was no time for 
experimenting... just time for results: The 
first sir conditioner was delivered Off 
SCHEDULE: AND the 8-5S was flown 
ON SCHEDULEl 

Exacting requirements for pre-flight checkout 
are necessitated by the B-58's mass of auto- 
electronic controls. Hokanson's model 



combination of volume 
pereture and pressure can bi 
automatically maintained. 


H andle your requirements for 
commercial and military 
air conditioning support equipment. 

orphone: C. G. HOKANSON CO. INC. 

2140 Pontius Avenue, Los Angeles 25, Calif./ BRadshaw 2-3268 


cent of tficir scientists each year, com- 
pared to an average of 10-15% for the 
rest of the a\ionics industry. 

Military systems engineers in BTL 
usually hare considerable breadth of 
experience within the laboratories, 
which makes it easier to shift them to 
new programs. It also tends to smooth 
working relations between different 
groups and departments, Morrison be- 
lieres. because they share a common 
BTL heritage and experience. 

BTL's Work on Nike 

Dougla.s Aircraft Co. is a sub-con- 
tractor to Western Electric and BTL 
on the Nike, floiigh and Morrison cm- 
irhasize that the marriage has been both 
.1 happy and a successful one. One rea- 
son is that Douglas’ philosophy coin- 
cides with that of BTL; each prefers to 
operate in its own specialized field and 
lias no desire to invade the other’s. 

The Nike program has so far proved 
to be a "solid program." without the 
peaks and valleys that have plagued 
ether missile programs, Hough points 

He expects it will be a continuing 
program which will see the introduc- 
tion of new and improved techniques, 
and lie does not expect any tapering oS 
in the foreseeable future. He adds that 
Bell Laboratories plans to stay in the 
missile field. 

Morrison’s department now has about 
125 engineers on the Nike program- 
modest for a program of this scope, 
even though the workload is down 
from earlier peaks. But Morrison 
points out that there is considerable 
supporting effort elsewhere in the lab- 
oratories. 

Another military systems group, re- 
porting to Tinus. is located at Western 
Electric’s North Carolina plant where 
the Nike guidance systems arc manu- 
factureiJ. 

This group performs the familiar 
liaison function to smooth the transi- 
tion from development and design into 
manufacturing. 

30,000 Nike 'Firings' 

Because the Nike is an expensive one- 
shot affair, it would be extremely costly 
to fire enough to enable designers to 

E ther the data thev need to determine 
n» the missile will perform against a 
variety of targets and under a variety 
of conditions. 

B TL designed and built a Nike mis- 
sile system simulator which fully simu- 
lates a Nike attack. It has "flown” 30,- 
000 simulated Nike ini.ssions and can 
liairdle 150 pet day. To assure that the 
simulator performs the Nike mission 
realistically and acairafely, BTL uses 
data from actual Nike runs made at 
M'hite Sands to correlate and calibrate 

Now the device can be used to simu- 
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late attacks that would be iin|)ossible 
to make— for example, a .Mach 2 target 
fl#i| at 100,000 feet— and thus to pre- 
dict Nike performance against tirgcts 
of the future. 

Another useful application is in dc- 
terminiiig the best maneuver that one 
of our bombers should make to get 
away fronr an eiiemv version of the 
Nike. 

An equally import-jnt simulator 
task is to provide specdv evaluation of 
the effects of proposed Nike changes 
or modifications on its performance un- 
der a wide range of conditions. Such 
data can be obtained with the sinuila- 
tor in a small fraction of the time and 
cost, that would be required if actual 
missions bad to be ran. 

Ballistic Missile Guidance 

One of the major activities in Mol- 
nar's Military Development department 
is development of guidance svstems for 
two of the Air Korce’s three Iwilistic 
missiles. 

Hough will say only that these guid- 
ance system efforts emplov some of the 
techniques developed in the Nike pro- 

Baiance of this department’s work 
is devoted to development of new ferro- 
electric dev ices, dclav lines, piezo elec- 
tric devices and tramforroers. About 
half of this work is under niilitarv spoil- 
sotsbip. the remainder for A.T.&T. 
needs. 

One program is a fundamental studv 
of quartz as a material to better under- 
stand its characteristics. A tvpical ques- 
tion is; why does synthetic quartz nave 
a lower "Q'' than natural quartz? .\rmv 
Signal Corps is sponsoring the quartz 
study. 

Another, under US.^F sponsorship, 
is aimed at developing miniature, high- 
temperature transformers. Knowledge 
and techniques coining out of this pro- 
gram will be made available to tr.ins- 
fonner manufacturers. Still another 
program sponsored by the Signal Corps 
involved a study of components that 
had failed in militarv equipment.' to 
establish basic cause of failure and to 
recommend remedial measures to com- 
ponent manufacturers. 

Projects for Signal Corps, USAF 

The Military Systems Engineering 
Department, headed bv J. Nf. W'est. 
in .some ways resembles a militarv ver- 
sion of the civil svstems engineering 
activity. 

Onc current contwet, for example, 
is a study for the Signal Corps to de- 
termine the kind of communications 
system which will be needed by a highly 
mobile army organized for nuclear war- 

Aiiother recently completed program 
for Rome Air Development Center was 
a study of the USAFs present global 





PUMP PROBLEMS 


. . . meet the 

team of turbomachinery experts 

Turbocraft’s Technical staff is made up of experts in the 
design, development, and manufacture of practically all 
items in the rotating machinery field. For consulting work 
or for “crash” development, contact Turbocraft today. 


Designers and Manu/aehirers of High Speed TiirboTnaehinery 
for Aircraft and Missile Systems. 
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MISSILK SYSTEMS THERMODYNAMICS 

Weapon systems activities under Lockheed's management are encountering 
thermodynamic problems of a most advanced nature. Projects at the 
Palo Alto, Sunnyvale and Van Nuys organizations present unusual scope 
for achievement in thermodynamics areas including: Boundary layer 
and heat transfer analyses in hypersonic flow fields such as pressure gradient 
and real-gas effects; analysis of thermodynamic performance of mis.siles 
in continuum flow, slip flow and free-molecular flow; calculation of transient 
structural and equipment temperatures resulting from aerodynamic 
heating and radiation; specification of ground tests and flight tests required 
to verify and improve thermodynamic design of missile and weapon 
systems; analysis and interpretation of thermodynamic ground test and 
flight test data. Inquiries are invited. Please address the 
Research and Development Staff, Sunnyvale 1 7, California. 

Aerothermodynamic Staff members discuss heat flux during reentry o/ a 
hypersonic vehicie. Left to right: J. I. Osborne, aerodynamics: R. G . Wilson, 
thermodynamic research: W. E. Brandt, thermodynamie anaiysis: 

Dr. L. H. Wiison. Thermodynamic Section head. 
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communication facilities and its rc- 

S iircnieiits, Still another program in 
is department inroivcs devclopinciit 
of plans for integrating and intercon- 
necting a number of Nike installations. 
Another group is working with Lincoln 
Laboratory and W'cstcni Electric to 
develop techniques for testing the com- 
plex S.AGE sub-sectors. 

Exploratory Development 

'Ihc department's activities also in- 
clude exploratory dcvclo|)nicnts. One 
was Tradic. an all-transistor airborne 
digital computer developed under Air 
I’orce sponsorship. Another program 
involves development of new types of 

'(■he second Militarv Svstems Vice 
Presidential Area at Wliippanv', headed 
by \V. C. Tinus, consists of two gen- 
eral departments: 

• Military Electronics Dcvclo])nicnt, 
headed by \V. H. C. Higgins, has sev- 
eral major defense programs, including 
a ground-air data link system for Navv 
and a bombing-navigation svstem for 
US.Al-' which employs digital computer 
techniques developed in the Tradic 
program. 

The department also is contributing 
to the Nike and ballistic missile guid- 
ance programs. 

• Military Design Engineering, under 
E. II. Bcdcil. provides a number of 
services to all dcpiirtmcnts at Wliip- 
pany. Tlicse include specialized design 
services, drafting, preparation of in- 
struction books and environmental test- 

BTL group stationed at ^\'cstctn 
Electric’s North Carolina mamitactur- 
ing facility also is a part of this depart- 


Civil, Military Benefits 

.‘\nv group the size and stature of 
Bell 1'clephonc Liiboratorics is bound 
to make important defense coiitiibu- 
tions. But there is a more subtle con- 
tribution that stems from the fact tlial 
BTL is part nf tlie .-Vincrican Tclcplionc 
&• Telegraph Co, 

Because of this relationship. BTL 
brings to its defense tasks a keen aware- 
ness of the importance of reliabilitv 
and the price that must be piid to 
achieve it. Furthermore it brings to its 
defense tasks long experience in deal- 
ing with veiy complex systems and in 
wcigliing added complex'ity against its 
cost in initial expenditure and upkeep. 

.Mtliougli BTL's defense projects 
have benefited from its normal civil 
pursuits, it lias not been a one-way 

Unquestionably these defense pro- 
grams liavc spurred and accelerated 
B'I'L's efforts in fields which will be 
reflected in improved eomimmication 
services to A. T. &• T, customers. ■ 


LIFE IS NO PROBLEM 


WITH 


ilE 


PRECISION 

POTENTIOMETERS 



Some of the change in linearity after the life cycling can 
be atlribiUcd to change in cffeclive resoiiilion <lue to 
contact wear. Other results from the life test indicnle less 
than 100 olini ciiuivuleiil noise resistance except for one 
spot, where it was less titan !(«HI olinis. The 1000 ohm spot 
avas of such short duration that the linearity recording 
did not pick it up. Test Summary: The ST20 will 
perform with only infinitesimal degradation 
for over 700,000 cycles, if it's Jong life at full 
precision performance, that you want, si>ecify precision 
potentiometers by TIC- 


TECHNOLOGY INSTRLMENT CORP. 
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SEVEN STORY V'anguard test stand and chcci-ont tool at Balliniore. Nc«' faciUKcs also include 200-ft. sq. aireraft test hangai. 

Martin’s Research Is Broad, Varied 


By Evert Clark 


Middle River, Md.— Martin Airci 
on a Diiinbei of levels and for a var 
that basic research must be cncouragt 
and a belief that it can be done on a 
Research and development at Martin 
breaks down traditioiiailv into funda- 
mental— done by its special subsidiarv, 
Research Institute for Adsanced Study. 
Inc.— and applied, which is done by 
almost every department in the parent 
company’s Engineering Dis’ision. 

Martin has become increasingly di- 
versified a? to location, as well as in 
product lines. In addition to the long- 


Co. docs research and development 
icty of reasons— including a conviction 
;d and increased as a national resource, 
profitable business basis, 

established Martin-Baltimorc. new divi- 
sions has’c been created within the past 
year and a half at Denser, Colo,, and 
in Orlando, Ela. 

Denser Disision's primary mission is 
dcs’ciopment of the second US.AK inter- 
continental ballistic missile, the Titan. 
^Vith this as its task, the disision's 
efforts ssill be largels' those of applied 



research and dcs’elopmcnt for the next 

Orlando Division svas created prima- 
rily for the manufacture of the Armv 
surface-to-surface missile. Lacrosse. 
Therefore its mission so far as research 
and des’clopmcnt is concerned will lie 
also in the applied area, but ss ith enough 
fundamental research as is necessars' to 
fill some of the gaps in development of 
future sscapon systems. 

The merriding philosophv through- 
out the company is that research and 
development is cierybodv's business. 
What some researchers at Martin call 
‘'breakneck technology” has a voracious 
appetite for new knowledge. Quite 
often this appetite can neither be satis- 
fied with existing knowledge nor be 
stalled long enough for the needed bits 
of information to present themselves in 
the normal course of discoverv. 

For this reason, technical sections of 
the departments in the Engineering Di- 
sision devote some effort to research 
and desclopmont— much of it for appli- 
cation to problems of the immediate or 
near future, but some of it aimed well 
ahead of the need. 

Aside from the fundamental work 
done by RIAS, research and develop- 
ment at Martin are carried on in sc\’- 
era! different ways organizationallv; 

• Building block research. 'I'his is the 
effort of the technical sections. Bv and 
large it is done onl>- where there is a 
need and no back-up, but there is no 
attempt to build up a universal capa- 
bility in all specialities. Instead, work 
that can be done inside the plane is 
done, and work that is the particular 
])rovince of some outside finn is con- 
tracted for. 

An example of this is found in the 
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Electronics Deparhnent, which has sec- 
tions for system design, installation de- 
sign and equipment design, plus a 
sersice section and a program planning 
staff. 

Some development is done on com- 
ponent parts, such as display tubes, but 
none is done on radio parts. Again, no 
transistor work is done because others 
arc better prepared in this area-but dc- 
lelopmciit or new circuitrs might be 
handled within the dcpartmciit. 

Electronics also is fairh' typical of 
tlie other departments in the amount 
ol effort it puts on research and dciel- 
opincnt— approximately lO'/i of its per- 
sonnel and about 10% of its budget. 
Martin Sponsors Most Work 

Building block research, svhich takes 
its name from the fact that it attempts 
to fill in the blank spaces in the p\ ramid 
that represents a weapon system, is 
sponsored largeh' b\' Martin itself. 

Breakdown is roughly 50% contract- 
5|Jonsc)rtd by government ageneies. 
70% by the company. 

More tlian 200 employes of the En- 
gineering Division pUt most of their 
effort on this type of research and fol- 
iow-up dcs’clopmcnt. I'ntal personnel 
iinohcd is about 6% of the disision's 
v.ork force. 

• Rcsearcli on a project basis. Once a 
Martin design program reaches the 
stage where a contract has been ub 
tained. it becomes a specific project 
witliin the Project Department, and ac- 
quires an Operations Manager— becom- 
ing ahiiiist a company within tlie coni- 

Spccific examples arc the PfiM Sea- 
Master project, l’M-61 Matador. B-57 
bomber and Vanguard s.ntellite \cliiclc. 
Each lias a project engineer for rcscareh. 

Rescarch project engineers, like tlie 
p.'ojeet manager, can draw on the sen- 
ices of any of tire technical depart- 
iiiciits for support. 

• Research coordinators in each depart- 
ment. to guide and draw togeflicr the 
efforts of rcscarclicrs in tlicir sections. 

• Rcsearcli and development coordinat- 
ing eominittce. Only about three 
months old. this committee is c.x- 
|)ccted to assume considerable impor- 
tance in Martin’s structure. Headed bv 
|. J. Saunders, it is made up of the 
research coordinators from the depart- 

The committee defines avenues of 
research and technical goals in slew 
of the products that Martin anticipates. 
11 also recommends and instigates uotk 
in new areas that it feels the compaiiv 
should be investigating, even though 
specific products arc not vet in sight. 

In addition to coordinating with 
rcprcscntatiics from the tcchnieal de- 
partments. the coiiiiiiittee keeps qual- 
ity control and manufacturing research 
represciitatiscs abreast of advanced 
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In systems engiseetisg work, it is necessary to bring togeibei 
a team that includes scientists and engineers of a wide range of 
technical specialties. In major weapons-systems projects, such 
teams will include hundreds of scientists and engincets. 

no matter how capable they may be individually, does not of 
itself ensure good syslems-engincering performance. The caliber 
of the project management has a major effect upon its tech- 
nical accomplishment. It is not easy to coordinate the activities 
of laige numbers of scientists and enjpneers so as not to stifle 
their cteativeness on the one hand, nor to permit the various 
development subefforts to head toward mutually incompatible 
objectives on the other. 

Of primary importance for good systems management is the 
philosophy underlying the selection of the supervisory person- 
nel. The head of 8 technical activity should, first of all, be a 

always fatal in systems work - is to £11 such positions by non- 
technical men who have been trained only in management 
techniques. In the highly complex activities of major systems 
work, what is required is teclxiiciil maiuigemetil, and of the two 
words, the word technical must never be overiooked. 

In the selection of sdentists and engineers for technical man- 
agement, it is essential that the men chosen be broad in their 
training and approach. Each principal department head, for 
example, must have a good basic understanding of the technical 
facts of life of the other deparnnents. When these people get 


together they need to speak a common language and understand 
each other's fields, so that proper decisions can be made on the 
many interrelated ptcblems that come up. The higher the or- 
ganizational responsibility of a technical manager, the mote 

The Ramo-Wooldridgc Corporation is engaged almost entirely 
in systems work. Because of this, the company has assigned to 

and control of the business than is customary or necessary in 

Scientists and engineers who arc experienced in systems engi- 
neering work, or who have specialized in certain technical fields 

specialties and other fields, are invited to explore openings at 
The Ramo-Wootdridge Corporation in: 

Guided Missile Research and Development 
Aerodynamics and Propulsion Systems 
Communications Systems 
Automation and Data Processing 
Digital Computers and Control Systems 
Airborne Electronic and Control Systems 
Basic Electronic and Aeronautical Research 


The Ramo-Wooldridge Corporation 
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LACROSSS telemetering shelves ate inspected, left, tail cone assemblies are riveted in temporary facilities at Orlando. 


lliinking on technologv' and procKicts. 

TenJenev is awav from argiinization 
bv pht.sics and toward organization by 
ssstems. althcmgli Martin executives 
feel the two methods always will be 

Martin points out that Navy, per- 
haps its biggest customer in recent years 
at least as far as minibct of products 
goes, jctuallv has o|>eratcd witli llic 
weapon systems concept longer than 
.\it Force, although with less public 
emphasis. 

With the ScaMastcr project, for in- 
stance, Martin as weapon system man- 
ager bought even the engines, whereas 
.\ir Force provided the engines for its 
first weapon system, the Convair B-58. 
Technieol Departments 
Technical departments within the 
Fnginccring Division form a home base 
for individual engincets. even when 
thev arc assigned to specific projects. 
T hey report to their project engineers 
for the engineering work itself, and to 
tire departments for administrative pur- 

Tcchnical departments and their sec- 

• Advanced design, with sections for 
requirements and plans, «t-.i|)on sys- 
tem esaliiation. Air F'orcc proiccls. 
N'avy projects, missile projects and air 
defense projects. 

• Project dciartmcnt, with sections for 
the P6M. T\l-hl. 15-57. I■■errct, Van- 
guard and a Special Projects Section. 

• Fliglit test, with cxpcrinicntal Fliglit 
Test Section. Production I'Tiglit Sec- 
tion. .Airworthiness Section and a sec- 
tion for control tower and operations. 

• Flight dynamics department. Sections 
arc aerodynamics, advanced design, 
hvdtodviiamics, experimental actody- 
ninnies, inopulsion. sinnilation. 

• Stmeturos. Sections arc stnictural 
design, weights, instumientation, strvic- 
tural test, materials engineering, dy- 
namics. advanced design. 

• Product design. Sections are aitiraine 
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To voice the world’s newest submersibles 


The shipboard and battle-announcing needs ot a 
submarine pose problems that just “standard” 
equipment can't meet. 

Exceptional ruggedness is required, both to 
withstand shock and to resist heat, humidity, and 
salt moisture. 

Power must be adequate, yet compressed into 
the smallest possible space. 

Dependability is relative to such factors as 
cruise distances never before attempted by under- 

An example of products meeting such prob- 


lems is found in the announcing equipment 
aboard the atomic-powered 'Nautilus and Sea- 
wall, built by our associate division. Electric 
Boat, and "voiced” by Stromberg-Carlson. Here 
standard components were re-designed to the 
special conditions involved. On the Nautilus, to 
date, our equipment has logged more than 60,000 
nautical miles without difficulty of any sort. 

Similar equipments also serve the land and air 
arms of our country's military forces and give 
evidence of equal dependability under the special 
conditions for which they were designed. 


^ STROMBERC-CARLSON GO 
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design, equipment and fiimi$hiii|S. pro- 
ducibilib', nucle-.ir systems, liimum 
factors, integration, advance design 
projects, production project, and staff 

• Electro-mcclianical department has a 
technical staff, and seno, mechanical, 
electrical and armament and ordnance 
sections. 

• Ojscrational support systems, with 
product utilization, electronic support 
equipment, mechanical and support 
sections. 

• Design su])porl, with presentations, 
engineering facilities, project support, 
product .support, nuclear support and 
engineering library sections. 

• Electronics, with a program planning 
staff, a services section, and three sec- 
tions which ate further subdivided, 
'llicse ate Electronics Svstem Design 
Section, broken into configuration, sys- 
tem function, analvsis; Electronics In- 
stallation Design, with nuclear, r.idio 
frequency and installation; Electronics 
Equipment Design, broken down into 
coin]5oncnts. data system, navigation 
and guidance, and electronic recon- 
naissance. 

Advonced Design Department 

•Advanced Design Department’s mis- 
sion can be described as putting the 
"building blocks” of the technical de- 
partments together to try to win com- 
petitions with them. 

The job is to develop ideas f.ir 
enough to sell them as contracts, (incc 
they become contracts thev become 
projects, acquiring project managers and 
operations managers, and .Advance De- 
sign goes to work on something else. 

small percentage of Advanced De- 
sign’s work is p;iid for by govcrmncnt 
research and development contracts. 
Hie rest is supported bv the compain . 

Stinnili for the work ate: 

• New knowledge, whether it conics 
from the research done in the technical 
dcixirtmeiits, from RIAS, or from out- 
side sources. Advanced Design’s job is 
to know about it and apply il, 

• Desire of the customer. Bulk of the 
dcp.ittinciit’s studies are done on re- 
quests generated by the government 
.Although few of these arc hacked bv 
contracts, Martin— like other aircraft 
companies— has access to long range 
planning of the serv ices and is encour- 
aged bv them to propose ideas for new 
weapons and weapon systems. 

• Knowledge that could be exploited 
if it were in hand. Considerable effort 
is devoted to finding solutions to long- 
sbJiiding problems. For example, analv- 
ses have been canied on for the past 
vear of possible modes of propulsion. 
Mathematical and theoretical analysis, 
though a small perfcntagc of the de- 
partment’s total effort, plays a large part 
in this area. 

Advanced design, so far as its exist- 



AVIATION WEEK, June 3, 1957 


257 






• INDUSTRY 


POWER -BILITY IN 

GENERATORS 



FOR CONTINUOUS OR) 
STAND-BY POWER 


CONSOLIDATED designs and manufactures generator sets, 
fulfilling civil defense, industrial, commercial and military 
needs both here and abroad. >- v The conception and 
production of generator sets lor so wide a variety of uses has 
given CONSOLIDATED engineers an unmatched arsenal of 
experience in evaluating customers' individual requirements 
and formulating special design specifications to meet them. 
>- >- Our Generator Set Division, staffed with experienced 



cnce as a separate department goes, 
sprang from a special group set in 1946 
tn get into the missile field early. 

From a Pilotless Aiicraft Section, the 
group grerv into the Advanced Design 
Department which now has about 350 
employes. Early efforts of the section 
ana department were Matador, the 
first operational USAF guided missile, 
and Viking, the first succcssfiil large 
research rocket. 

Missile programs now embrace all 

Advanced Design secs its job as largely 
one of management, with detailed work 
coming from the tecirnical departments. 

Just as the Engineering Division’s 
philosophy is that research and de- 
velopment is cs’erybody's business, so 
this department wants everybody to 
take part in advanced design work. 

Heavy traffic of engineers through the 
department from the other technical 
departments is one aspect, but another 
is communications witli other parts of 
the company outside the Engineering 
Division. 

Considerable coordination work is 
done with quality control, tooling de- 
partments, service people, and so on. 
Inter-Company Communicotions 

Primary aim of this widespread 
communication network is to avoid hav- 
ing to “sell" Martin’s own new ideas 
and new projects to the rest of the 
company. In some aircraft companies, 
new proposals “come cold out of en- 
gineering”— often to get a cold recep- 
tion in the rest of the plant. Adv anced 
Design officials say. 

Department philosophy is one of em- 
phasizing solutions to practical weapon 
system problems in a short pcrioii of 
time, rather than emphasizing what it 
calls ''dreamwork.’’ It docs not tr\' tn 
sell 20-ycar development programs to 
the services. At the same time, one of 
its efforts is, according to one section 
chief, "to make the space ship re- 
spectable." The department feels that 
a good many of the problems of space 


Typical of the department's current 
areas of interest are; 

• Escape systems. This is considered of 
primary importance. Altliough there is 
some government sponsorship, the 
company is supporting most of the 

• Cooling and protection of structures. 

• Overall increase in airframe and elec- 
tronics rcaliabilitv. 

• Delivery of warheads at very high 

Recently separated from other work- 
in the department to give it more em- 
phasis is .air defense, which deals with 
both aircraft and missiles and covers 
logistics, ground control, etc. 

Martin believes that strategic weap- 
ons will soon have reached full cap- 
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Norden-Ketay Fuel Flow 
Measuring System Totalizes 
Fuel to Eight B-52 Engines 
on ONE IF-I Indicator 



// yom- pnblem aeciiralt reid-out a/ ntej a/ /«W 
Consider how Norden-Ketay instrument design simplifies 
this system for precise measurement of large volumes of 
fuel to (he eight engines of Boeing's new B-52, The lF-1 
Indicator, matched wiih 2 to 8 TF-2 Tran.smilters, registers 
up to 100,000 Ibs./hr. with extreme accuracy over the entire 

Rate of fuel flow against a vane actuates a linear synchro 
transmitter in each 'TF-2, producing an electrical signal pro- 
portional to its angular displacement. The total of the eight 
synchro signals oppose the voltage from a linear synchro in 
the IF-I. The difference, or error signal, is the input to the 
amplifier. 

This amplified error signal drives the servo motor, which 
rotates a gear train positioning the pointer and linear syn- 
chro. The synchro, as a feedback device, produces a voltage 
equal and opposite to the input signal, and nulls the signal 
at the amplifier input. 
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complex aluminum sand casting 


This extremely complex aircraft valve body is currently being sand cast 
by Etolle in two aluminum alloys , , . 355T6 and 356T6. But as part of a 
continuing program of casting research, Rolle lias also poured the piece 
with equal success in ZREl and A-142. While A-142 does not yet have 
the acceptance of many other alloys, Rolle is extremely interested in 
its possibilities in high temperature applications. 

The valve body is an ideal teat piece for such reseai-ch. Few castings 
offer a tougher trial of as-cast properties. The many small diameter 
passages through the piece demand intricate tube coring as weD as the 
more conventional sand coi-ea. The tubes are removed after casting 
by a process developed in RoUe’s Research Laboi'alory, 

Whether your needs are limited to conventional alloys and casting 
techniques, or demand unique experience in high temperature alloys, 
intricate tube coring, etc., you'll find Rolle an idea! source of aluminum 
and magnesium sand, permanent mold, shell, and investment castings. 
Free 57-Pace Casting Engineering Handbook helps you design 
and specify aluminum and magnesium castings. Available on letterhead 
request. Write for your personal copy. 


lor complete loundry service 



MAHUrACTURINO CPMRANT 
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abilitv of erasing an enemy’s countrs', 
and that the potential standoff that will 
icsult will invite small, btush-firc wars. 
The coinpiiin is putting more emphasis 
into understanding this type of war and 
tlie weapons needed to fight it. 

RIAS Concept Is Unique 

Unique in the aircraft industrs' and 
perhaps throughout the nation’s indus- 
trial complex is Martin’s basic research 
subsidiary. Research Institute for .Ad- 
vanced Study. Inc. 

Potential impact of its philosophs' on 
the national research picture is tre- 
mendous. If its basic concepts can be 
put across successfully, the stature, 
quality and particularly the scope of 
ba.sic research svill be increased grcatlv, 

Basic idea is that fundamental re- 
search can be done on a business basis 
—the search for new knowledge can 
be sold coinpctiti\clv, 

-Applied research— which can be 
turned much more quickly into produc- 
tion and tlicrefote into dollars-is done 
by some 4v different foundations, 
laboratories and companies devoted ex- 
clusively to that, and done ptofitablv, 
if not specifically at a profit. 

But there arc no such basic research 
groups, organized on the traditional 
non-profit or not-for-profit basis fol- 
lowed by applied research groups. The 
basic research that is done in comp.inies 
and universities is in a large sense sub- 
sidized, and not done on a pav-its- 

Some of the reasons for the creation 
of RIAS, according to Vice President 
Welcome W. Bender, ate: 

• No nrote great foiindafion.s with al- 
most unlimited endowments, arc being 
established. Tax structures have left the 
nation with "no millionaires able to 
build bcvations any more.” 

• No new unKcrsities are being 
founded. With an increase in popula- 
tion of some 20 million in two decades, 
there has been almost literally no in- 
crease in the number of universities. 
.Although thev ate doing more 5))on- 
soted research, both basic and applied, 
"breakneck technologv” uses up the 
su|)ply from all sources faster than 
il is being produced. In addition, de- 
velopmental work is draining off talent 
from the universities and from govem- 
incnt laboratories, with the result that 
there is great developmental effort with 
too little new content in it. 

• Conservationist philosophy. ’This is a 
belief that everyone who helps to con- 
smne new technology has a responsi- 
bility to put back new seeds. Industry, 
largest consumer of the fruits of tecfi- 
nological advances, must help create 

• Universal support of research. Since 
the products of research arc benefitting 
cvervone, and since income is .spread 
around considerably more than it once 
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NEW MINIATURE FLOATED RATE GYRO 



Damping is 


ments within 0,1 of critical. 

MODEL 55,000 CHARACTERISTICS 

• SHOCK: ISO G. 

• VIBRATION: IS 6 to 2000 eps. 

• ACCURACY: ±V5% full icale under severe 


• POWER PICKOFP, I 
cycles. Inductive piebe 
put impedonce piovicJ 


Write to: 

GYROMECHANISMS DIV. 

Kerden-Kelay Cerp, 

Halesile, Long Island, N. Y. 
for engineering evalu- 
ation and adaptation 
of this or other gyros 
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Sales Offices: 


HIGH PURITY 

. . . New, Dependable, 
In-Plant Source Assures You 
Continuity of Supply 



On-location” generation can be the answer to all 
of your present and future LOX needs. High purity 
oxygen, produced right in your own plant as you need 
it, eliminates the major problem of interruptions in 
supply. Generators built and serviced by Air Producte, 
Incorporated, assure you a completely dependable 
-supply— on tap 24 hours a day— to keep your opera- 
tions uninterrupted. 

Highest purity is mainUiined in the production of 
LOX and other gases by Air Products generator.s. And, 
their built-in flexibility permits expansion of capacity 
at any time . . . allows for your future needs. 

We at Air Products are specialists in cryogenics— low 
temperature proces.sing. We design, manufacture, 
erect and operate low-tempeiature processing plants. 

Many others are taking advantage of the Air Pi'oducts 
approach . . . "on-location” generating facilities de- 
signed to take care of present and future LOX needs. 
Detailed information i.s available upon request. Your 
inquiry is invited. Air Products, Incorporated, P.O. 
Box 538, Allentown, Pa. 

...INCORPORATED 
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was. the cost of research should be 
spread around also. Indiistrs- is being 
called upon by the sers ices to put more 
and more effort into basic research, but 
BIAS sees no reason wh\’ tankers, farm- 
ers, laborers, retail merchants shouldn't 

On these last tsvo points. Martin 
executives felt that successful opera- 
tion of a company like RI.^S would 
do two things: 

• Broaden industry's interest in basic 
rcsearcli by proving tliat tescirch could 
be self-supporting, in addition to pro- 
viding indirect benefits. 

• Bring fundamental research out uito 
the open, emphasizing and encouraging 
the idea that it is a vital national 
resource to be supported b\ gmerii- 
ment to a much gre.itcr degree ►han 
it is now, primarily through the N.i- 
tional Science ImuiKlaticm; and to be 
sponsored wherever possible out from 
under the direction of the scrsiccs. 
since benefits of really fundamental 
research apply so much more broadiv 
than to weapons alone. 

RIAS' Appeal 

RIAS "is not interested in product 
daelopmeiit and not interested in 
being a charity operation." Bender said. 

Its aims, operations, and atniosplicrc 
arc similar to the Institute for Ad- 
vanced Studies at Princeton University, 
e.xccpt that it engages in experimental 
science as well as theoretical. 

I'acilities arc modern and adequate. 
Location now is downtomi Baltimore, 
but RIAS hopes to move sliortlv to an 
undisclosed location nearby. 

RIAS' appeal as far as the rcsc-.irchcr 
is concerned is an industrial salarv 
coupled with optimum phvsical, mental 
and motivational conditions. 

It attempts to maintain an academic 
atmosphere, but the routines of teach- 
ing chores, etc., are eliminated. RI.^S 
guarantees independence in selecting 
work and continuing projects, and en- 
courages lecturing, publication of find- 
ings and attendance at professional 
society meetings. 

Its investigations arc shaped laigelv 
by the researchers it hires. General 
fields of work are; 

• Physics. Investigations include ex- 
tensive work on the general theory of 
rclatisity, including field eqiiations 
and gravitational radiation, eficct of 
acceleration on the rates of natural 
clocks, etc. 

• Biophysics. A large effort is being 
put on photosynthesis. 

• Biochemistry. 

• Metallurgy, with emphasis on better 
understanding of the role of imperfec- 
tions. such as dislocations and vacancies, 
in relation to the flow and fracture 
phe-nomena of metals. 

• Mathematics. 

Laboratory facilities include a full 
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206 Shelter Rock Lane, Danbury, Conn. 
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When heat soars... 

and flame roars 


-6/te/n 




J-M Tadpole v ^ 

Firewall Seals block passage 
of flame one/ combustibles between compartments . 


Tadpole Seals iastalled at the flange 
between compartments do double duty 
in modern jet aircraft. (1) In event of 
fire they confine the flames permitting 
the pilot to land or bail out. (2) They 
provide a barrier against leakage of 
combustible fluids and vapors into 
■'hot" compartments. 

J-M Tadpole Seals ace made with a 
specially processed Inconel wire mesh 


J-M Bomber 
Cloth 

sfronger firewall fabric 
*89 Bomber aoth flexible firewall 
fabric saves precious pounds. It is 
the lightest material of its type, yet 
witbstaods the most severe C.A.A. 
jests. 


core. This base is covered with asbestos 
cloth combined with Neoprene, Sili- 
cone, Teflon or other materials to assure 
top performance within each tempera- 
ture range. All seals comply with the 
C.A.A. requirements for flame resist- 
ance, Style numbers and temperature 
limits are as follows; 41 32-2 SO F, 137- 
350 F, 4134-450 F, 4133-500 f, 
4161-600 F, 4381-over 600 F. 


J-M 
Asbaston 
Cushions 

—for A.N. clips in high 
lemperolure inslalhlions 
s Cushions give a resilient 
ing with low frinioti on A.N. 
cd for hydraulic lines at tem- 
;s up to SOO F. Specially made 


J-M 6«eft< 
Gaskets Style 
No. 924 . . . seals 
hot goses oi o wide 
range of pressures 
Style No. 924 has a steel mesh core, 
is aluminum jacketed for tempera- 
tures to 8 50 F, stainless steel jacketed 


Write ter further InformaNsn la Jahns-Menville, Bex 60, New York 16, N. Y- 
In Canada, Part Credit, Ontario 
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complement of phvsical laboratory 
cqiiipiiicnt. 

One goal of RIAS is to close tlie 
great time^ betn eeii basic scientific 

neering problems. Martin felt that this 
problem, primarily one of communica- 
tions, could be handled well if the 
fundamental research operation were 
set up on a business basis. 

A major result is frequent contact 
between Martin's Engineering Depart- 
ments and RIAS-'vith RIAS doing 
some investigating on contract for the 
departments, but retaining always the 
rignt to sav no if it thinks a hlartin 
proposal is applied rather than basic 
research. 

Denver Plant Builds Titan 

Martin’s Denver Division consists of 
a rcceuth completed S10.5 million 
plant 20 miles southwest of the citv. 
in the foothills of the Rockies. Martin 
holds a S358 million contnict for de- 
sign. fajsricafinn and testing of the 
Titan fCBM. 

This work will be the main effort of 
Martin-Denver, 

Employment will reach S,000 when 
the plant, first occupied last Fcbruar>'. 
becomes fuliv operational. 

Main building is a rivo-story factory. 
612 by 246 ft., containing 306,700 sq. 
ft. of floor space. TTicrc also is a two- 
story administration and engineering 
biu'tding and a one-story cafeteria 
building. 

Test stands are separated from the 
factory by a mountain, reducing noise 
and safety problems but keeping test 
facilities close by. 

Since the main plant was completed 
plans have been announced for three 
more structures salucd at some S2 mil- 
lion-additions to the administration- 
enginceting building and to tlie cafe- 
teria, and a new engineering laborators'. 
240 by 340 ft. 

Denver Division is organized l)v sys- 
tems rather than specialties, and engi- 
neering is the controlling item. Chief 
engineer is second in command to the 
dis'ision general manager. 

Orlando Division, now in tempo- 
rary facilities, svill occup\' four buildings 
nine miles southwest of tlie ciri-. total- 
ling 488.000 .sq. ft, 

Slissinn is research, development and 
manufacture of "newer weapons in 
such fields as guided missiles, elec- 
tronics. nucleonics and small weapons 

Major product announced so far is 
Lacrosse. 20-ft. solid-fuel Army missile 
for close and general .support. 

Martin's vice president for cnginecp. 
ing. George S. Trimble, siiid no definite 
line is drasvn on wlicrc the company 
will do what work. e\en thoiigli it now 
consists of three gcographieallv sepa- 
rated divisions. ■ 


gives you unsurpassed 
efficiency on the 
tightest turns 
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Flexible 
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Compressed Air 
Siarier Duels 

I 


Flexflyte is an exceptionally lightweight 
ducting that is highly resistant to abrasion, 
vibration and flame and impervious to 
temperatures from minus ]20°F. to plus 
650'F. It will handle internal working pres- 
sures up to 70 psi and external working 
pressures up to 15 psig depending on type. 
Designed for use with ventiluting, defrost- 
ing and de-icing systems, Flexflyte will take 
tight turns at any point up to 180' without 
buckling. No elbows or special fittings are 
required for installation. 

Flexflyie's versatility makes it the ideal 
ducting where complex aviation installa- 
tions require many tight twists and turns. 
Special reducing ends, either cylindrical, 
rectangular or polyhedral, are available. 

Flexflyte can be engineered for a variety 
of unusual applications in many special 
shapes, fabrics, coatings, connections, 
lengths and diameters. Our special Silicone 
Department, working with automated ma- 
chines, is prepared to meet the most exact- 
ing requirements for silicone ducting. 

To find out how Flexible can solve your 
aircraft ducting problems, write us. outlin- 
ing your requirements. Our engineers will 
be glad to put their experience to work for 
you. Write Dept. 206. 


fSlexfA/e Tubing 

CORPORATION 

Guilford. Connecticut • Los Angeles 64, California 


SBoll/e, Washington. 
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P. O. BOX 180, NEWPORT, RHODE ISLAND 



CYNAGON-OXYGEN flome boils nickel-iron wire to vapor ot 4800K at Temple University Research Institute. 
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SIMPLE ARITHMETIC -It costs approximately ten thousand dollars to send 

a student through college today, but more than ten times that amount to give a young man 
the superlative training that he must receive to become an Air Force pilot. A saving in either 
expense would be welcome to most Americans- Northrop Aircraft is doing something about 
reduction of national defense costs by applying “dollar engineering" to planning and pro- 
duction of new weapon systems. Latest Northrop achievement is its supersonic T-38 jet 
trainer, a simple, lightweight airplane capable of using any improved airport. Costing less 
to produce, fuel and maintain than other airplanes with comparable performance, the T-38 
can save American taxpayers hundreds of millions of dollars in pilot training- This T-38 jet AT D rp t T r> T-* 

trainer. ..and the Snark SM-62, world's first intercontinental guided missile. ..are noteworthy i\ W It 1 IT ll v/ r 

developments of the budget-minded research, engineering and production teams at Northrop. 



Builders of the First Intercontinental Guided Missile 



SUPERSONIC wiud tunnel at Ma&QcInisctts Institute of I’ccimology has control iiisttumcntation dose br test section. 


Research Plays Large Role 


Cambridge— Sponsored research p 
program at Massachusetts Institute of 

Prior to World W'ar II. sponsored 
tc5c.-irch was an insignificant fnetor. 
Wartime impetus of militars deniands 
for better scientific tools has carried 
through the postu ar decade. This year 
the Department of Defense is spending 
S43 million on rcscareli |)r«jccts inehul- 
ing Lincoln Laboratorv at Mi l'. 
Demands for More Research 

One reason for the large volume of 
sponsored tcscarcli is the insistence b\ 
[lie defense agencies that -MIT' under- 
take Ihcir progranis. 'nie solume 
nould be inucli higher if the Institute 
accepted cserytliing pushed at it. Aca- 
dniiic leaders, like Dean C. Richard 
Soderberg of the School of Engineering, 
ill their soul searching, wonder if they 
have been selective cnongh, if they Innc 
not gisen into tlic demands of the 
military too freely. 

'Ilicv also regret the lack of a broatl 
internally supported research program. 
So far. the trustees hast l>ccn leery of 
the permanence of the sponsored re- 
search and afraid tliat some das there 
would he the hcas-s' cost if the gosem- 
nicnt agencies cut back iieavily on their 
tcscarcli spending. 

Education still is king ssitli icse.iicli 
as its -scisitor. But the .servitor could 
usurp the crown unless the Institute 
confimte.s to take gre-.il care. 

Close to 30% of file time of the 


lays a lusty role in the educational 
Technologs'. 

aeronautical engineering faeults', for ex- 
ample. is spent on sponsored research. 
All but tss'o or three of the 28 pro- 
fessors in the department spend 20% 
or more of their time in research, 14 
spend 30% or more, and fisc spend 
73% or more- 

Of 1936 academic expenses totalling 
ahoul S460.000, sponsoa-d research 
funds paid for 5156,000. Tuition in- 
come covered slightly less. 

Vc-arly hiidget for sponsored research 
in tire Aeronautical Engineering Dc- 
(Xirtnient runs about SI 1.9 million. 
incUiding S9.fi million in the Instru- 
mentation Liboratory -and SI. 123.000 
in the Naval Su|Jors(mic Labor.itorv. 
Advantages of Research Projects 

Despite this preponderance of re- 
search money, the Institute policy de- 
mands tlrat all rcse-arcli projects |jromise 
significant eiintcibutions to the educa 
tional )jrogran). Nearly all faculty mem- 
bers arc unanimous in citing these gains 
from sponsored research: 

• Job su]j]>ort for |Jromising graduate 
students. Before the war, when research 
funds were very scarce, there were only 
13 graduate students; now there ate 
110. Over half receive at least partial 
financial support as research assistants. 
■ Good rcsearcli areas for graduate 
theses. The annual report on activities 


at MIT 

of the department says, “from the 
standpoint of theses assistance, spon- 
sored research gave more or less direct 
help to Mibstantiiilly all the men who 
received adsanced degrees." Contimi- 
aliv, |jrofcssors refer to tire "live re- 
sc.-ircli" and "rich nc«’ areas" which 
s|>onsotcd research opens up to graduate 
stiiden ts- 

• Faeults- contact with latest scientific 
adi anccs. S|)imsorcd research keeps the 
staff ''chasing li\-c or real rabbits." is ;i 
f-.n-oritc expression. Sl>tm.sored research 
allows the faculty to keep up and ahead. 
This draws and kec|)s tire best men to 
flic faeults-. It also provides iie-w mate- 
rial to keep the curncuUim alis-c. 

From Project to Classroom 
Example of how tliis works is tlie 
field of instrumentation and automatic 
control. Original rcsearcli began in 
TVorld W'ar II. In tire postw.ar period, 
the subject entered tire graduate cur- 
riculum. Now it is down in the under- 
graduate curriculum. In fact, the imdcr- 
gr.iduatc aeronautical engineer nray 
complete his course with a specializa- 
tion in automatic control rather than 
acrodniamics, structures or propulsion. 

Other examples are courses in flutter 
now giscii in the graduate school hut 
which seniors mar- take as electives; in 
missiles design— an option now- ar-ailabte 
—and in inertial guidance which rvil! be 
nr ailabic for the first time next year. 
Participation in sponsored research is 
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Miliiiil.iry. There also is no direct 6nan- 
cial inducement— professors arc not paid 

A higher level of acadeniie salaries at 
MIT probably reflects the licavy re- 
search progiam. 

Negotiations arc conducted directly 
between the professor and the sponsor. 
The professor is responsible for accept- 
ing the work statement from stJonsor. 

These two factors are considered a 
ncccss<iry and also adequate check 
against involvement in "pot boiler" re- 
search. A professor docs not have to 
undertake research projects— and if he 
docs he is the one svho accepts or passes 
on the work order. 

On the other hand, this could be- 
come a subtle pressure on the professor 
to undertake sponsored research. It’s 
too early to tell if professors arc being 
rated on the basis of their research 
undertakings; but certainly the professor 
who has under his wing projects which 
are providing jobs and theses subjects 
for graduate students automatically has 
a big plus on his rating card. 

This, of course, is the most skeptical 
way of looking at the program. Against 
this should be considered the fact that 
sponsored research, if not the only 
source, is certainly the easiest source of 
funds for supporting research which 
will help a professor progress in his 
chosen field. 

So far, it appears that MIT’s Aero- 
nautical Engineering Department has 
policed itself well, flow well can best 
be judged by resierving the research 
programs within the department. 


Before surveying these, howcs'cr, it 
must be noted that there is a vast 
amount of research applicable to avia- 
tion in other sections of MIT. Some 
of these, such as Research Liboratory 
in Electronics, Servomechanisms Lab- 
oratorv, Lincoln Laboraton' and other 
sections in the School of Engineering 
will be cosered later in this story. 
Aeronautical Engineering 

Aeronautical Engineering Depart- 
meiit has organized its sponsored re- 
search activities into seven sections: 

• InstruincntatiOD Ldboratory. T1iis is 
the largest single .actis ity, with a budget 
of neatly SIO million and a staff of o\'cr 
700. Its primary interests are guidance 
and control problems for projectiles, 
rockets, missiles and manned vehicles. 
Increising emphasis is being placed on 
missile guidance. The laboratory is 
most noted for what it probably has 
been least able tn talk about— inertial 
narigation and guidance systems. 

Other important research projects 
have included long range submerged 
na\ig;ition system being produced by 
Sperry, all-maneuver flight control sys- 
tem for jet aircraft being made by Lear, 
fighter-bomber fire control by A. C. 
Spiirk Plug, bomber defense system 
using similar principles being tested by 
Emerson Electric, and design of minia- 
ture and better components for guid- 
ance systems. 

• Naval Supersonic Laboratory. This is 
a dcs'cJopmcnt test facility built during 
World War II with Nary funds and 
operated hr’ the Institute under an 


agreement with the Navy. With a 
budget of over SI million and a staff 
of over 100, this laboratory puts about 
one-third of its effort on analytical and 
research problems. 

Present facility consists of a continu- 
ous flow supersonic wind tunnel with a 
range from Mach 1.5 to -4.3. Up to 
Mach 2.5 test section is 3 by 3 ft- 
Abovc that is 18 by 18 in. I-a.st year’s 
o^rations totaled about 2,100 hours 

Of this, ail but 15 to 20% was for 
iudiistty- .A major industrial usee of the 
tunnel is Boeing. 

Design of n ny|jetsonic wind tunnel 
is undcrw-.iv. h'irst runs will reach Mach 
5 to 6. 

Eventual goal is Mach 9. Size will 
be approximately 6 by 6 in. 

h'oeus of the rcscirch is on supersonic 
and hypersonic aerodynamics with em- 
phasis on the problems of aerodynamic 
leafing and heat transfer. New areas 
will include ionization problems, mag- 
neto aerodynamics and transpiration 
cooling. 

• Acroclastic and Structures Research 
Laboratory. Research projects in this 
laboratory run about 5600,000 per year. 
Subjects covered include high tempera- 
ture effects on structural strength, low 
cvcle and high stress fatigue, blast and 
thermal loading, procedures for includ- 
ing temperature effects in structural 
analysis of clastic wings, shock and im- 
p.ict, supersonic flutter, gust loads and 
acrociasticily effects on helicopter 
blades. Recent proposals have been 
made for projects in acrothermoclas- 
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ticity and in establishing procedures for 
structural analysis and influence of co- 
efficients of low aspect wings which 
exhibit non-linear properties. 

• Aerophysics Research Group. Activi- 
ties of this group trace back a little over 
six years to a request from USAE to 
undertake shidy or airplane control par- 
ticularly in the transonic speed range. 
They early discovered the inertial cross- 
coupling effects that later plagued the 
F-lOO and other transonic and super- 
sonic aircraft. From these projects came 
designs for auto-pilots tor transonic 
speed ranges. 

This research has been concluded. 
Now two programs arc concerned with 
improved mathematical methods for ex- 
tracting stability derivatives from tran- 
sonic and supersonic flight test data 
using digital computing equipment and 
with measurement of static and dv- 
nainic stability derivatives of bluff bomb 

Trajectory analysis begun for long 
range missiles, including the interconti- 
nental ballistic missile are now being 
continued to other types of vehicles. 
One type would be hypersonic gliders. 
Cruise Control for B-52 

Still another type of research has 
been in cruise control vvitlv the devel- 
opment of instrumentation for one type 
and design for another. Prograinniing 
control started out with all the knowl- 
edge of the engine and the airplane and 
evolves a prediction of the most eco- 
nomical settings to use throughout the 
mission. Simple instniincntation to en- 
able the pilot to do this as a practical 
matter has been built and will be flight 
tested this fall on the B-52. 

Optimalizing control seeks to pro- 
vide a system which will automaticallv 
provide cruise control by setting the 
throttle so that the airplane will flv at 
highest speed per unit of fuel con- 
sumed. 

W^otking independently of knowl- 
edge about airplane and engine, the 
equipment will measure speed and fuel 
flow rate, compute and examine the 
ratio and find the optimal throttle set- 
tings. System will now be built for a 
turboprop installation. 

• Fluid Dynamics Research Group. 
Volume of the rcscarcli in this group 
is less than 575,000 annually . Areas of 
prime interest have been unsteady aero- 
dynamics. boundary layer problems at 
high speeds, boundary layer interac- 
tions with shock waves, stability and 
control at transonic speeds, dvnamics 
of oscillating shock waves. 

• Gas Turbine Iraboratorv. This lab- 

oratory docs no classified research. It 
functions witli financtil support from 
four engine manufacturers— General 

Electric, Wcstingliousc, Curtiss-AVright 
and Allison Division of Gcncnil Mo- 




BALANCING floated gvToscope tn required acenraev is painstaking, delicate operation. 
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A "CLEARING HOUSE” OF KNOWLEDGE 
ABOUT MOBILE HOUSING STRUCTURES 





Consult Fruehouf's Experienced Research ond 
Engineering Staff With Any Problem Con- 
cerning Mobile Housings 

Since the need for airborne, seagoing, and ground-propelled 
radar control equipment arose when the guided missile be- 
came important as a weapon, Fruehauf has built thousands 
of highly specialized housings for such equipment. These 
Fruehauf-designed or Fruehauf-built shelters have run the 
structural gamut. They include insulated, air conditioned, 
heated, and refrigerated units to function from the Arctic 
to the desert. And they include compact, retractable-wall 
units for rapid delivery by air, land, or sea to the firing line 
wherever it may be. 

Fruehaufs vast store of design, engineering, and produc- 
tion experience — with all types of metals, structures, in- 
sulations, heating and cooling systems, and transportation 
methods — makes this 42-year-old firm a veritable “clearing 
house" of knowledge for you to draw upon. As the world's 
largest commercial Trailer builder, Fruehauf is perfectly 
geared to meet problems and schedules in the mobile hous- 
ing category. 

Whether your contract concerns housing for missile guid- 
ance equipment, radar units, communications equipment, 
generating machinery, or any other mechanisms requiring 
both protection and mobility, consult Fruehauf freely for 
design or production assistance — to be sure. 


FRUEHAUF TRAILER COMPANY 

MISSttrfRODUCTS DIVISION 




10986 Harper Avenue, Detroit 32, Michigan 
5137 S. Boyle, Los Angeles 58, California 
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tors. I'toiii (imt to tiiiu.- it Ikis Iwd 
some support from Niitional Ad\i50i\’ 
Coiiiinittcc for Aeronautics or Office of 
Nasal Research. 

ft takes pil of the monev confritnitcd 
for research and puts it in one pot and 
decides that it can do certain things 
that it bclicscs arc currcntlr significant. 

,\niong recent contributions is a iicu’ 
theory of rotating stall. Stall passes 
from one turbine blade to the next, 
llie results help establish lower limits 
on tire weights of gas turbiirc power- 

Current projects arc examining be- 
havior of boundary layers in gas tur- 
bines. partieularly the behavior of 
skewed flow. Bouitdiiry laver separa- 
tion is always skewed, flow altering as 
the nail is approached with the airglc.s 
of .skew often being large. 

The coiniMirics which sii|)port the 
gas turbine laboratorr' program rectisc 
in return for their contribution first 
sight of the project results. General 
publication is withheld tor one year, 
riicy also liave an opportunity to get 
in and sec who the students in the 
laboratory are. 

• Wright Brothers Wind 'r'nniicl. 
Tliis facility consists of three elements: 
blowdown transonic tunnel, blowdown 
supersonic tunnel and the original con- 
tinuon.s low speed tunnel. I'lic low 
speed tunnel is priinarih- used for com- 
mercial testing. -Major 'projects in the 
transonic and supersonic sections in- 
clude measiireincnt of static and ds- 
iiaiiiic properties of bluff bodies at 
speeds up to Mach 2. 

Lincoln Laborolory 

Well os’cr nne-half of the 546 mil- 
lion which the Department of Defense 
will sfwnd at MIT this scat will go to 
the Lincoln Labor.itors- at Lexington 
some miles asv.iy. Lincoln’s primars 
responsibility is tlic dc'clopinent and 
cs'aluation of the SACK air defense 
ssstem. 

Searcli no« is on to prosidc im- 
prosed components for computers, 
radar and communication svstems. This 
has led to a concentrated basic and 
applied research progtain in solid state 
physics, principally in semiconductors 
and ferrites and related magnetic inate- 

Scmiconductor rcsearcli breaks down 
into applic-dtions. fundamental mtas 
ureincnts of all possible semiconductor 
materials and search tor nesv materials. 
.Applications consist primatilv of in- 
troducing new fa.st switching diodt 
for computers- 

Measurement research began with 
cyclotron rcasonancc work and lias Icr 
to ncs\’ techniques by which magnetic 
fields of several hundred thousand 
gauss arc reached. 

An intca-sting and unexpected 
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I THE F-94 CASTS A 

i SUPERSONIC SHADOW 

AT CORNELL AERONAUTICAL LABORATORY 
Months before the Convair B-58 supersonic bomber took to the air, its 
handling characteristics had been successfully simulated by C.A.L. on a 
totally different airplane. 

Our study of the predicted performance of the new bomber’s proposed 
control system and configuration was accomplished with a modified F-94 
fighter carrying highly-specialized hydraulic, mechanical and electronic 
components. The stick forces and motions of the B-58, as well as its 
stability characteristics, were reproduced by this automatic control system, 
one of the products of C.A.L.’s continuing long-term effort in artificial 
stability and control research. 

’Diis project is typical of rhe 160 varied research projects currently 
active at C.A.L. — stimulating, technically challenging, and professionally 
significant. Our research program is unusually broad in scope, encompass- 
ing such areas as Aerodynamics. Propulsion, Aeroelasticity, Wind Tunnel 
Research, Flight Research, Aircraft Design and Missile Systems. This 
broad program, coupled with our policy of assigning each staff member in 
accordance with his individual abilities and interests, makes it possible for 
us to offer outstanding employment opportunities to capable and 
imaginative men. 



CORNELL AERONAUTICAL LABORATORY, INC. 
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JOGGLES IH 


Here’s a new, perfected .ill-hydraulic 
jOggler that's completely universal in 
any application - . - capable of joggling 
in any direction over a full 360'! Simply 
rotate the crank . . . the dial indicates 
exact direction of joggling motion. Stroke 
length is adjustalile for an)- stock ihick- 
ncs.s or degree of joggle. Handles work- 
pieces of any shape, is easily aad ciuickly 
tooled with vise blocks cast from Cerro- 
Tru, a common, low-melting-point alloy. 
Jmv casting machines available. Ask for 
brochure describing the HUFFORD 
MODEL HD JOGGLER! 


• UNIVERSITIES 


result of the measurement tcsc.irdi may 
be major brcakthroiigbs in infrared. 
Use of infrared detectors li.is led the 
solid state rcsearfliets into important 
Irasic rcscirch on IR and accumulation 
of data in what had been the ' no-imin’s 
land between short IR and long IR. 

So important do labonitorr pctsonncl 
consider the fundamental knowledge 
gained that thev predict the laboratory 
will shortly have a lot of “brc-.id and 
hotter” work in infr.ircd. 

W'ork in ferrites is aimed at inicto- 
ware applications and improvement in 
Isisic measurements. I'crtitcs have 
jnissibilitics as oscillators or amplificts 
mucli like Masers. 

Lincoln Uihoratory projects arc tak- 
ing a look at what fail.v in the systems 
required in S.AGE and seeking how to 
improve it. This has led to broad areas 
of cmcxplorcd basic rcseateli and indi- 
rectly is opening new areas for explora- 
tion like infrared. 

Servomcchauisms Ltboratory's re- 
search programs evolve around a trium- 
virate— control. instimncntation and 
data processing. It is jurticularh inter- 
ested in the integration of these ele- 
ments into a system or a |jroccss con- 
trol. like its mimerieal-etmttol for 
milling machine, operational flight 
trainee for the l''-104. tecliiiic|uts for 
testing airborne fitc control svstenis. 

ft continually searches for better 
transducers and new conijxmcnts for 
radar, computers and other electronic 
equipment. 

One important current arc-a is mod- 
ernization of radar tccliniqucs which 
until rcccntlv have not been mucli dif- 
ferent than those of World War II. 

Another interest has been energy 
conversion problems, as applied to air- 
craft this has meant how to supply 
electrical energy to the rest of the air- 
craft systems. 

Electronic Research 

An outgrowth of the wartime Riidia- 
tion Laboratory, the Research Labora- 
tory of F.Icctronicb is an interdepart- 
mental unit jointly sponsored by 
Dcpartnients of Physics and hilcctrical 
Engineering. W'ithin its sprawling or- 
ganization there is a wide range of clec- 
tcunic and associated research, both 
basic and applied. 

Areas include information theorv and 
statistical communication theory, .solid 
state physics, physical clecttonics. 
niicrownvc electronics. microwave 
tubes, microwave theory, microwave 
spcctioscopy, microwave gaseous dis- 
chatges, nuclear magnetic resonance, 
noise in election devices, frequency 
modulation, circuit theory, transistor 
circuits, atomic beams, process analysis 
and synthesis, network synthesis, speech 
and analysis and mechanical transla- 
tion, conjmunications biophysics, neii- 
tophvsiology and processing and new 


methods of transmitting information. 

Interplay of basic with applied tc- 
search is strung. Basic research jiro- 
v idcs new techniques and ideas fur aj)- 
plication. Applied research uncovers 
new problems to taunt the basic ic- 

Among the many products of ap- 
plied basic research at RLE are sixtcia! 
purpose com|)uters, higli-povvci mag- 
netrons, transistor circuits, missile guid- 
ance systems, new or improved mi- 
crowave tubes, quantum mechanical 
implificr.s like versitron klystron ampli- 



c in tlic F 
11 tlie makers of man-made com- 
tion sv stems gain from knowing 
ibout ■ how the more com|jlcx 


IXI.W.IIV.1 .viavii iMuiiii.ivr. 

help in the design of nuclear yiowcr- 
plants and in cooling surfaces of hvpcr- 
sonic aircraft is being done on lie.it 
transfer in the Mechanical Engineering 
Department. 

Experiments and anaivtieil corcla- 
tion of heat transfer data in previously 


higlt transfer rates. Heat exchangers 
with transfer rates of S.000,000 Btn. 
per bout, for example, are considered 
possible. 

Present research is investigating the 
little known phenomenon of boiling, 
heat transfer of various fluids at sniscr- 
ctitical pressures, hc-at transfer in non- 
citciilar pipes and heat transfer per- 
formance of plates o.scillating parallel 
to the airflow. 

Mil' plays a major role in the Insti- 
tute for Defense Analyses, an independ- 
ent cot|)nration sponsored by five uni- 
versities. Its purpose is to provide the 
Weapon Systems Evaluation Giou|) of 
the Department of Defense with sur- 
vcTS, analyses and evaluations at weap- 
ons sy.stems. new equipment, military 
piobleins, new taetiea! doctrines, tech- 
nical aspects of strategic planning, actual 
combat reports and field exercises. Its 
goal is to determine how weapons and 
weapon systems can be most effectively 
cinploycd. Its assignments originate 
with the Joint Chiefs of Staff, assistant 
secretary for tcscatcli and engineering or 
on IDA’.s own initiative. ■ 



AVIATION VyEEK, 


3, 1957 







on target insurance 


There is only one “good landing" for an armed missile... ON TARGET. 
Hallamore designed and produced missile instrumentation and 
guidance checkout systems calibrate and report preflring conditions 
to assure the efficient performance of some of the latest vehicles in the 
missile field. Hallamore Electronics performs contracts for the United 
States armed forces and prime contractors of the aircraft and ordnance 
industries. Its field of activity includes missile ground support and in-flight 
risual communications systems, 
ts and electronic components, 


e 


HALLAMORE 


ELECTRONICS COMPANY 
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CalTech Eases Air Research Burden 


By Ining Stone 

Pasadena, Calif.— Contribution that an educational institution can make 
to ease the research and development burden imposed by fast-changing 
requirements for missiles and aircraft is underscored at California Institute 


of Technology in three key facilities: 

• Jet Propulsion Laboratory, wliicli 
originates and dc\elops |)riui.iry missile 
svstems, conducts fundamental research 
in physical sciences for iniincdiate and 
future application in tveapon system 
programs, and performs feasibilih and 
evaluation studies in the fields of mis- 
siles and components. JPL. a gtACrn- 
nicnt-owncd facilitv, is operated by 
CalTech under contracts, priiicipalh 
svith Army Ordnance Cot)>s. 

• Guggculicini Aeronautical Laboratory, 
III effect Cal'l'cch's acroiiantic-al depiirt- 
nicnt. providing advanced training foi 
graduate students and conducting in- 
tensive rescareli, using staff and stu- 

Researcli is supported in p.irt bv 
CalTech and verv substantiallv bv v.in- 
ous government 'agencies such .is Na- 
tional -Advisory Committee for .Aero- 
nautics, Office of Naval Research, .Ait 
Porce Office of Scientific Rese.uch. 
•Army Office of Ordnance Rescarcli, and 
Office of the Chief of Ordnance; and 
National Science l''oiindation. 

• Southern California Coo])eraliv c 
Wind Tunnel, managed and ()|)ctalcd 
by CalTech for its joint owners— Doug- 
las .Aircraft Co., Inc.; Convair Division 
of General Dynamics Corp.; Lockliecd 
.Aircraft Corn.; McDonnell Aircraft 
Corp.; and I'lortli .American .Aviation. 
Inc. 

JPL's overall research and develop- 


ment is done bv three main depart- 

• Acrodynaniies and Pto|>cllants. 

• Design and Powcrplants. 


• Guidance and Electronics. 

The aerodynamic department per- 
forms experimental liigh-spced tunnel 
tests for guided missile and supersonic 
aircraft projects for Anny Ordnance and 
USAP contractors. Tunnel develop- 
ment testing lias included these proj- 

• Hawk, Honest John, Nike and Cor- 
poral missiles (.Army Ordnance). 

• Navalio and Falcon missiles, Convair 
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Link Simulators — rohoarsa! for reality 


The Manin TM-61 Matador, deadly ground-lo- 
ground tactical missile of the USAF, already is 
standiog guard over Free Europe's Eastern fron- 
tiers. And with the help of a Link radar signal 
simulator for the Matador, the potent weapon 
soon will be controlled by the world’s best- 
trained missile guidance crews- 
The Link simulator, which the Air Force re- 
cently incorporated into its state-side training 
programs, serves as a “stand-in" for the expensive 


Matador during simulated training missions, 
Using their own operational missile control 
equipment, guidance crews can direct the make- 
believe Matador from launching to a direct hit 
on an “enemy’’ installation . . . and the simulated 
mission is just as realistic as an actual one. 

Link simulators furnish American defense teams 
with today's practice that becomes tomorrow's 
reality — with greater economy and efficiency 
than ever before. 
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B-58, and Marquardt ramjet for Boeing 
Boniarc missile (USAF). 

runnel facilities include two super- 
sonic units- One, with a 12 by 12-iii, 
test .section, o|)crates np to Mach -I. 
Another, operating up to Mach 5. has 
an 18 bv 20-in. test section. Third 
tunnel, with a speed range of Mach 
to 8.i. is scheduled for opetatinn by the 
end of the vear. 'Test section will be 21 

This new hy|5ersonic facility will be 
used for missile desclopmcnt test tor 
Army Ordnance and .Mr T'orcc. and will 
inchidc ssork in the intercontinental 
and intermediate range ballistic missile 
categories. 

Boundary Layer, Fuels Studied 

conduct JPl.-originated basic rc.sc'arcli. 
The ness lis pcrsonic tunnel ss ill be used 
to advance this ssotk. It is scheduled 
for studs of dissociation in boundary 
layer floss' and its effect on heat tr.in.sfct 
at sers high s|jccds- Rc.snits ssill be ap- 
plitablt to reeiitrs problems associated 
svith the ICBM and IRBM. 

Other basic acrodsn.imic research in- 
oliidcs transition from laminar to tur- 
bulent floss' at liigh specds-anotlicr 
crucial condition affecting missile and 
aircraft performance and lie.it tr.insfer. 

.\it-fue] combustion rcscareli. anotber 
aefisity of the Aerods'namics and Pro- 
pellants Department, incUidcs studies 
of the mcclianism of flame holding and 
its relation to combustion of air-breath- 
ing engines such as ramjets and turbo 
jets. General sflability of flic combus- 
tion process is still another field of in- 
scstigation. 

Combustion rescarcli also cosens 
fields of liquid- and solid-propcHant 
rocket engines. 

Propellants Group docs research and 
dcsclopmeiit in the category of solid 
proi>cl(ant grains. It o|x;r.itcs a Irasic, 


general chemistry section and another 
for research leading to development and 
ssnthcsizing of new resins, oxidizers 
and fuels aimed at creating new .solid 
|jro|)dlants of the composite type. 

It also has a Solid Rockets Section 
for process dcsclopmcnt of these new 
foiimilations and testing in small rocket 
motors dcvciopcd at JPL. 

I•'acilitics used In- the Propellant 
Group include installations for mixing, 
ca.stiiig and curing solid propellant for- 
mulations for JPL tc-soarch, desclop- 
ment and testing; test cells for firing 
small rocket motors, and laboratories 
for determining phy.sica! properties of 
solid propellant forimilations- I'ur ten- 
sile testing of grains, JPL has dcselopcd 
a strain rate tester wliich applies loads 
at variable higli rates. 

Design and Pouerplunts De’ifflrt- 
ment's Design Division is concerned 


witli missiles and companents. Activi- 

• Design of specific missiles assigned to 
JPI, for tlesclopmcnl. One example is 
tile Sergeant surface-to-surface missile 
being dc'cloped for .•\rmv Ordiuincc. 
Onc otlicr missile, a new project, also 
is under design and dc'clopmcnt. 

• Scientific research and systems studies. 
Basic rcscareli is being conducted in 
missile materials, witli einpliasis on 
properties at s'cry liigh tcmpcraturcs- 
Aiiii is to obtain data on both short 
and long duration loading and tempera- 
tures. Last ve.ir, this disision obtained 
stre.ss-strain data on graphite at tem- 
peratures as high as 5.0001'. 

Amitlicr category of txisic research in 
tlic materials area is the mechanics of 
failure. Under study are physical prop- 
erties of single crystals- 

Facilitics for materials research in- 





that research and translating Navy 
needs into production realities, are 
eight companies of the GPE Group. 

Typical of the significant con- 
tributions by GPE companies are 
Librascope’s computers and anti- 
submarine devices . . . GPL’s auto- 
matic bombing and self-contained 
navigation system for the Martin 
Seamaster . . . Griscom-Russell dis- 
tillation equipment on every class of 
ship including nuclear powered 


craft. An indication of Askania's, 
Kearfott's and Link Aviation’s in- 
volvement is given in the adjoining 
column. 

Many GPE Group products 
serve vital defense needs today. The 
scientific advances they embody will 
one day benefit everyone. 


GENERAL PRECISION EQUIPMENTU 


Sentinel in Navy Blue 


by 

needs. Among the 
contributing to 
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dude furnaces, electron inicroscopes, 

specially designed equipment such as 
the iiigli-fcmpcraturc tester developed 
at JPL for the 5.000F tests. 

This equipment consists of .1 \acuum 
chamber, tensile tester, iaree-posver 
supply and optical instruments for meas- 
uring strain and temper, iturc. 

Another facility is a small rolling 
mill for making billets of special alloys. 

Under systems studies. Design Divi- 
siun contributes preliminary' estimates 
of missile and missile component con- 
figurations (size and weight) and 
method of operation. Types of propul- 
sion systems arc chosen, aerodynamic 
shapes ate fixed and preliminary struc- 
tural design is dchiilcd. 

High-Energy Fuels 

Liquid Propulsion Systems Division 
of Design and Posvcrplants Depart- 
ment is concerned primarily with liquid 
propellant chemistry research, combus- 
tion research and rocket motor develop- 
ment- JPL has pioneered propulsion 
systems using storable liquid propellants 


and is continuing its research program 
in the field of higli-cnergy fuels for mis- 
siles and rockets. 

One goal of this high-energy fuel 
research is the design of combustion 
chambers, injectors, and pumping sys- 
tems for realization of tbc high per- 
formance theoretically available in the 
new propellants, with the result that 
oserall propulsion system size may be 
reduced. 

Tspical problem associated with this 
research is determination of licat tran.s- 
fer characteristics of the new propellants 
in relation to rcgeucratisc cooling. 
Pioneer studies in tliis area have been 
done at JPL- 

Rcscarcli bv JPL’s Guidance and 
Electronics Department has resulted in 
tiic development of the Mitrolock com- 
munications system, a solution to the 
problem of transmitting radio wases 
\’cty great distances vvith exceedingly 
small amounts of power. 

Now being used bv JPL in some of 
its missile projects, the Microlock sys- 
tem could be adapted for communica- 
tion to a satellite such as Vanguard, 


oelastic model of fuselage in Guggenheim study. 


praenutius futuri 
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every flight second. 

GPL auto navigators give an instan- 

Ground*S^ and Dritt’'Ang1e; ^Ind 
Speed and Direction; Longitude and 
Utitude; Shortest Coursc-To-Destina- 
tion: Steering Signai To Pilot (or auto- 

e developed for the 


..ilot). 
The 8^ 


magnitude to the breaking of the sound 
barrier: CPL's harnessing of the Dop- 
pier-effect to air navigation. 

The benefits of these GPL systems 
extend toever^ area of flight. Their vast 
potential has just begun to be explored. 
Already, air lines awaiting delivery of 
sleek, high speed jet liners are antici- 
pating availabiiity of the equipment 
and counting on it for safe, direct and 
economical global operation. 



ANY TIME, AWYWHERE, ANY WEATHER 


One look and the pilot knows. In a glance he 
reads actual ground speed and drift angle. 

This vital data — never before available — is 
displayed on the flight panel automatically and 
continuously. 

The dials "read” the key unit in GPL’s revolu- 
tionary Doppler auto-navigation systems. Other 
equally phenomenal units in these systems tell where 
you are and how to get where you're going. The sys- 
tems operate entirely without ground or celestial aid. 

Proved globally in millions of operational miles 


and many types of military aircraft, these remark- 
able GPL systems will, one day soon, make flying 
safer, more convenient and more economical for 
everyone. 



GtNERAL PRECISION UBORAfORY INCORPORATED, Pieasantville, N. Y, 


thClNEERS - GPL achievements have opened up some unutual reseatoh and development appetiunlllos. Send rosumt to Peisonntl Monogor. 
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nliidi is using the MinitMck svstcm 
developed bv Nuviil Resciircii Ltburu- 

'Ihc department’s Components De- 
velopment Group studies design and 
■ipplication of electronic units for 
specific missiles. 

One of tire group's major eontribu- 
tions has been develo))intnt of a tech- 
nique for packaging electronic devices 
to withstand extreme vibration en- 
vironment cneonntered in missiles. 
Essentiallv a method of creating an 
extremely rigid chassis with many of 
the components mounted in recesses, 
lire technique has attracted attention 
of manv avionic mamif-actiiters. 

Facilities for the Components De- 
velopment Group includes an environ- 
ineiita! test laboratory particularly well 
fitted for vibration testing. Equipment 
includes 2,500-lb.-fotce shake tester, 
whicli can be driven by an electronic 
amplifier so that checks can be made 
under conditions of vibration similar 
10 that experienced in missiles. 
Developing Instrumentation 

Instrumentation Division develops 
new tvpcs of equipment needed for 
)PL's research programs, provides digi- 
tal and analog coinputcrs for staff use, 
and assists in devising new computing 
techniques. 

A new development of the division 
is a inulti-ptcssure measuring system for 
supersonic wind tunnels, whicli prov ides 
ciiccks on 100 pressures during tunnel 
runs. Pressures arc automatically eon- 
vetted into electrical signals in digital 
form, whicli can be used directly for 
digital computation or presented in 
tabular fonn. 

'I'he department's Systems Engineer- 
ing Division int^rates guidance compo- 
nents into an effective working system. 
It also operates a Field Test Sec- 
tion for missile test programs at White 
Sands Proving Ground and Patrick 
To obtain data on problems asso- 
ciated witli missiles in severe environ- 
ments, JPL petsonncl have visited I't. 
Churchill, Canada, and have observed 
field trials such as Operation Sagcbnish 
held in Louisiana last year. 

During its research and development 
work. jPL keeps its eye on the im- 
portant aspect of production, so that 
when development is coin|)lctc. knowl- 
edge inav be transferred to tlie con- 
tractor to case the transition pliasc. 

Potential production contractor is 
lirouglit into the picture very early m 
tlie development stage. Essentially he 
is a laboratorv sirbcontractor at this 
point, obtaining an understanding of 
the svsteni to facilitate transition to 
production. JPL's Military and Indus- 
trial Seniecs Section serves as liaison 
bebveen the laboratory, tlie industry 
and the militarv. 

JPL employs aljout I.TvO profes- 
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to form and size jet engine, missile 
and rocket compo nents like these 
choose ftsImfialiiiJiTSTiiEysi 


Mftohine Works. Inc. 
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\ioniil imcl .service )ictboiiiicl fi>r lusic 
icsciirtli iiiid dcvclo)>mciif related tn 
gmded inissilts. Aiimul payroll ex- 
ceeds S9 million. Director of tlie lab- 
oratory is Dr- W. H. Picketing. Its 
principiil contract, vvitli .\niiy Or<i- 
iiiincc. Is iidministcrcd bv Los .Angeles 
Ordnance District. 

1)1 CalTccli's Guggcniicim .Aeroniniti- 
tul Laboratorv, special emphasis is be- 
ing placed on studies of finiel anti solid 

I'lmdaincntal theoretical studies arc 
being coiidiictcd in the inatliematic.il 
fmindation.s imdcrlying flic flim of vis- 
ctms cuinprcssihlc fluids and rarefied 
gases. I'indings niiglit appK to skin 
friction and acrodyiiainic hc-.iting of 
su)x-rsiii)ic aircraft and missiles and. 
in the case of rarefied gas studies, the 
niotion of missiles at altitudes of several 
lumdrcd thmisand feet. 

One teeliiiiquc being nsexl in connec- 
tion with research with compressible 
viscous fluids is tbc shock tube. It af- 
fords inodcratc .supersonic s|)ccds but 
produces extremely high teinpcratnrcs 
for a few tliousandtlis of a second, 
corresponding to tem|>cratua's a missile 
eiicmiiiters at liypersonic speeds. Tlii« 
permits study of heat transfer and dis 
sociation and ionization of gases oeeiir- 
ring with actual missiles at liv|icrsoiiiv 
speeds, where tomperatutes on the order 
of lO.OOO-sO.OOO degrees oeenr. 

••knothcr technique is the hypersonic 
wind tunnel, wliicli teaclics Mach niini- 
licrs of about 10 at relativelv low- tcni- 
|X-riiturcs up to about l.OOOh'. This 
permits study of high-speed ijliciiomciia 
lint not high tcmpcniture.s. 

Combined results of both techniques 
afford an insight into |)roblenis asso- 
ciated witli missile flights tliroiigh and 
above the atmosphere at hypersonic 
speeds. 

Transonic Flight Emphosixed 

Considerable tcscarcli is being cmi- 
ducted on air flow in the bigb transonic 
icgioii. vvlicre most of tbc ptcsciil iiiili 
tary niamicd aircraft now o|)cratc, and 
where commercial jets w ill fly . 

Interaction of shock waves and 
boundary layers, traiisitioii from lami- 
nar to tnrbolcnt flow, and aerodynamic 
noise— applicable to coniincrcial jets as 
well as military aircraft— arc being 

A special facilitv dcvclo))cd bv tbc 
laboratory, essentially a wind tunnel, 
is used to study noise effects due to 
liigh-s|5ccd torbulcnt boundarv laver. 

Other fundamental scientific studies 
arc related to propagation of vetv strong 
shock waves such as inizht be generated 
bv explosions. Practical apjilications of 
this rcsearcli liavc not yet been pin- 
pointed. 

Ill addition to fiiodainenta! low-speed 
icscarcli in the field of tutbulcnce, wind 
tunnel studies— particularly in the 10-ft., 


284 


AVIATION WEEK, 


3, 1957 


A SPECIAL ADVERTISEMENT Presented by INLAND TESTING LABORATORIES, 
Cook Technological Center, Morton Grove, Illinois 



In 1940 Winston Churchill stirred the 
conscience of American industry by his 
confident plea . . ."Give us the tools and 
we will finish the job.” Our industry did 
respond magnificently and gave the Al- 
lieu Armed Forces the tools with which 
the immediate jci of destroying the dicta- 
torships was finished. 

But we know only too well that neither 
in peaceful competition nor in military 
defence can industry rest upon past 
achievements- New tasks of staggering 
magnitude always will arise 10 challenge 
the imagination and guts of our indus- 
trial management ana to challenge the 
thinking and action abilities of out de- 
sign, production, test, and quality control 
engineers. 

Today, a new challenge to managers 
and engineers is st.irk in its clarity, and 
voracious in its demand for action. Clear- 
ly, the marriage between the science of 
electronics and the science of systems en- 
gineering has been, and will continue lo 
be prolific in the procreation of complex 
equipments that increase tlie productivity 
of peace-time industry and radically im- 
jirovc the potential effectiveness of our 
military defence. It is eviilcnt further that 
many top m.inagements iiavc seized upon 
these opportunities. 

In those industries that .rte adopting 
automation, .ind throughout our defence 
ptogram, decisions have been taken to 
entrust the future lo the abilities of com- 
plex requirements. In the case of some 
equipments it is merely the financial fu- 
ture of a single company that has been 
committed. In the case of military «]uip- 


The State of the Art: 

NEW TOOLS 
ARE HERE TO 
UPGRADE RELIABILITY 
NOW! 


Dr. Leslie W. Ball 

ment, our future in the world has been 
committed to the belief that complex 
w'c.ipon systems based on electronic equip- 
ment tan be made 10 perform adequately 
in all respects. 

DRAMATIC PERFORMANCE 

In the first flush of excitement over the 
potentialities of radically new equip- 
ments, the abilities and energies of both 
managers and engineers usualTy have been 
COncentrate-d on obtaining dramatic per- 
formance. In multitudes of offices and 
labotatiiries throughout the nation, equip- 
ment performance abilities worked out 
on the drawing board or predicted by elec- 
tronic computers have been received with 
enthusiasm and adopted as target. As time 
h.Ts brought the conversion of calcula- 
tions and predictions into actual hard- 
ware, it has become painfully evident that 
the ominous forebodings of a .small band 
of pioncx'rs, now known as ’Reliability 
Engineers.” were not without substance. 

.Much has be-en written about the fun- 
damental relationships between unrelia- 
bility and complexity in elexrtronic equip- 
ments and about the incompatibility of 
extracting the last ounce of high perform- 
ance out of equipments that must be reli- 
able under conditions of high environ- 
meiilal stress and limited maintenance 
skill. So, today, the managers, upon whose 
shoulders rests the heavy responsibility 
for liaving taken decisions to commit their 
com|ianies or their defence programs lo 
complex high performance systems, must 
undertake an agonizing reappraisal of 
their electronic equipments within these 
systems. 


BLUNT QUESTION 

The blunt question that faces them is, 
"Must we retreat to simpler, lower per- 
formance devices, or is there an imme- 
dbte line of reliability upgrading action 
wliose cost is within reason and whose 
effectiveness is beyond question?” 

The answer to this vital question is not 
to be found in academic discussions of 
the abstractions of reliability nor in the 
ivory towers of higher mathematics. It 
is to be found in the testing and analytical 
laboratories where countless analyses have 
been made of equipments that have failed 
in service or in which failure has been 
produced by simulation in the laboratory 
of service stresses. 

TAe misii er lo the i/Heslion "MnsI we 
relreal? " is a cuiifidtiil "No, we need 
no! relieal. There is a path lo eleclroiiic 
eifiiipiiieiil reliabilily whose cost is wilhhi 

To define the path to reliability spe- 
cifically and clearly, we must first express 
the underlying causes of equipment unre- 
liability in engineering management 

Both technological advances and man- 
agement action have provided the systems 
cngineer.s with the tools that they need to 
work out complex system performance, 
and to generate sound preliminary de- 
signs. Unfortunately, in the electronic in- 
dustry the detail designer, tlie production 
engineer, the test engineer, and the qual- 
ity control engineer have not been pro- 
vided with all the tools that they need to 
follow through from a preliminary system 
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design to delivery of a completely reliable 
linished product. 

A FUNDAMENTAL CAUSE OF 
ELECTRONIC UNRELIABILITY IN 
TODAY'S ELECTRONIC EQUIP- 
MENT IS THAT DESIGNERS ARE 
REQUIRED TO DESIGN CIRCUITS. 
QUALITY CONTROL ENGINEERS 
ARE REQUIRED TO CONTROLCON- 
EORMANCE, AND TEST ENGI- 
NEERS ARE REQUIRED TO PLAN 
EVALUATION PROGRAMS WITH- 
OUT MUCH OF THE BASIC HAND- 
BOOK TYPE OF DATA ON WHICH 
THE RELIABILITY OF ALL OTHER 
TYPES OF ENGINEERING EQUIP- 
MENT DEPENDS. 

To illustrate this deficiency, suppose 
that the management of an aircraft com- 
pany had made excellent provision to 
obtain systems engineering and a pre- 
liminary design for a new super perform- 
ance complex rocket-powered plane and 
then assigned the task of detail design, 
quality control and test planning to their 
staff. But, with the provision that they 
would be denied anything approaching 
complete knowledge of the strength, en- 
durance and failure characteristics of the 
materials and components of which the 
system was to be built. 

The opinion of their customer and of 
other managers would be that this was a 
preposterous way to manage an engineer- 
ing project, and unreliability in the prod- 
uct would be a foregone conclusion. And 
yel, hadeiiuaty in the orgmized knoul- 
eJgt of Jlreiiglh, endurance and fadun- 
of campoiiem pans is cbaraclerhiie of 
almost all military and inJiisIrial elec- 
tronic equipment projects. 

Management thinking about the provi- 
sions that they must make for providing 
their staffs with adequate knowledge of 
electronic component parts can be helped 
gre.itly by the following definition: "Any 
equipment component or part is inher- 
ently unreliable until every mode of fail- 
ure is known, understood, measured and 
controlled."* 

Throughout the mechanical engineer- 
ing industries the truth and significance 
of this definition is aaepted as self evi- 
dent. Moreover, large quantities of Or- 
ganized knowledge on understanding, 
measurement and control of every mode 
of failure of mechanical parts are con- 
tained in engineering handbooks. For 
example, in the case of reciprocating ma- 
chinery unreliability cau.scci by the phe- 
nomena of fatigue is no longer tolerated 
because an understanding of the design 
.and manufacturing factors that can per- 



mit fatigue to occur, together with tables 
and curves showing the relationship be- 
tween stress level and number of cycles 
to failure and established quality control 
procedures, are all available in the form 
of handbook data, 



This would embrace the understanding, 
measurement and control of all types of 
electronic component parts whose failure 
contributes to unreliability. 

We may assume that this statement is 
beyond question, and the real issue for 
management and engineers to decide is 
"WHAT IS THE FASTEST, MOST 
ECONOMICAL AND MOST EFFEC- 
TIVE METHOD TO GENERATE 
HANDBOOK DATA?" "nie possibility 
of each company being dependent only 
on its own component part testing pro- 
grams must be ruled out, berausc the cost 
is prohibitive and the time taken to get 
the job done on limited testing facilities 
would be hopelessly excessive. 

IMPORTANT PECULIARITY 

In iliis regard a very important peculi- 
arity of electronic component parts must 
be recognized- This peculiarity may be 
called "the existence of minority groups 


in tire manufactured population.” For 
example, consider a population of one 
thousand capacitors produced by a par- 
ticular manufacturer. From the point of 
view of performance, all these capacitors 
will belong to a single homogeneous pop- 
ulation, but, from the point of view of 
reliability, the population is by no means 
homogeneous. 

If the thousand capacitors were sub- 
jected to circuit stresses and to external 
environmental stresses, some of them 
would become "early failures" and oth- 
ers would become "random failures." 
Suppose that out of the thousand, ten 
are potentially early failures and another 
forty are potentially random failures. If 
.1 test sample of. say, six capacitors were 
chosen from among the nine hundred 
and fifty that will fail by wear out, the 
results of this test program would be com- 
pletely useless and dangerously mislead- 
ing because they would tell nothing of the 
unreliability that would be caused the 
ten early and the forty random failures. 

It follows that it is vitally important 
to subject the whole population of one 
thousand capacitors to an ambitiou.s test 
program that includes statistical design of 
experiments, detailed analysis of failures,' 
,ind statistical interpretation of results. 

Even in equipments where a higli fail- 
ure rate of, s.iy, one part in a thousand can 
be tolerated, the test sample size should 
consist of several hundred parts. In equip- 
ments where failure rates of only one in 
a hundred thousand can be tolerated, the 
sample size and consequently, the cost of 
the test program must be increased cor- 
respondingly, 

IT IS THEREFORE APPARENT 
THAT EVEN LARGE ELECTRONIC 
EQUIPMENT COMPANIES CAN- 
NOT AFFORD TO UNDERTAKE 
TEST PROGRAMS TO GENERATE 
ALL THE KNOWLEDGE OF ELEC- 
TRONIC COMPONENT PARTS 
THAT THEY REQUIRE. AND THAT 
THEY MUST SUPPLEMENT THEIR 
OWN WORK BY PARTICIPATION 
IN A PROGRAM SUBSCRIBED TO 
BY A LARGE GROUP OF COMPA- 
NIES, 

A second cost aspect is that the record- 
ing of test data by technicians reading 
indicating instruments is incompatible 
with the enormous number of readings 
that must be made to generate the amount 
and accuracy of data required for hand- 
book purposes. Consequently, the prin- 
ciple of automation must be applied to 
the recording of data during component 
part testing programs. 

Both the above cost considerations lead 
to the conclusion that electronic equip- 
ment manufacturers can reduce the cost 
of reliability programs radically by sub- 
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scription to testing programs performed 
in a competent laboratory, where sample 
sizes of thousands can be handled and 
where data can be recorded automatically. 

STEADY FLOW 

Tlic genera! relationship between such 
a laboratory and the subscriber to such a 
program must go fat beyond the mere 
provision of testing facilities and automa- 
tion instrumentation. The laboratory must 
provide the subscriber with a steady flon 
of organized knowledge that makes it 
possible for the subscriber to diffuse 
throughout his whole organization 
"knowledge, understanding, measure- 
ment and control" of all the modes of 
failure of the electronic component parts 
used in the company's products. 

While the above statement summarises 
the service that must be rendered and 
leaves no doubt that the bciitfils to be 
gained by subscription to this laboratory 
program will far exceed the cost to the 
subscriber, and while tlie brochure of- 
fered by the "HELPR ' program provides 
detailed information to the individual 
engineer, it is to be expected tliat the sub- 
scriber's management will want .1 more 
specific summary of what will come out 
of the testing program, and of the iden- 
tity of the departments within his organ- 
ization that will use the output, and of 
the ways in wliich they will use it. 

On the basis of work already done in 
similar, but much mote restricted testing 
programs, the following five specific lyp« 
of output and six s|iecific types of appli- 
cation by subscriber's personnel may be 
identified. 

FAILURE RATE CURVE- 

CIRCUIT STRESS 

For each type of component part it is 
generally recognised that some particular 
circuit stress is of primary importance in 
regard to failure rate and reliability. For 
example, in the case of capacitors, the 
voltage across the capacitor is accepted as 
the primary circuit stress. Test programs 
for each type of part will result in a fam- 
ily of curs’cs in which failure rate is the 
ordinate, time is the abscissa, and one 
curve is plotted for each value of the 
primary circuit stress. 

In general, the curves will have a char- 
acteristic shape which in many cases will 
be the familiar three part curve showing 
early, random and wcarout failures. The 
corresponding time intervals may be 
called the "infant mortality screening pe- 
riod," "service period " and "over-age 
period." Quite apart from numerical val- 
ues of the failure rates, knowledge of the 
shape of these curves and of the duration 
of the infant mortality .screening, service 
and over-age periods ate vital to intelli- 
gent decisions on quality control and pre- 
ventative maintenance requirements. 


RELIABILITY INDICES 

For those component parts that show a 
"random " failure rate in the service pe- 
riod. a single value for failure rate index 
may be established. In other cases an aver- 
age value in the service range may be se- 
lected as characteristic of the part. Ail 
these values could be prepared in sum- 
mary tabulated form suitalilc for use as 
reliability indices during the precalcula- 
tion of the reliability to Be expected from 
any new type of electronic equipment. 

FAILURE RATE CURVES- 
ENVIRONMENTAL STRESS 

It is well known that the failure rate 
prtxluced by a primary circuit stress can 
be greatly modified by the environment 
in which the part operates. For example, 
in the case of capacitors the ambient 
temperature will have a major effect upon 
the failure rates produced at any given 
voltage. 

It is recognized furtlier that, when en- 
vironmental stress becomes severe, en- 
tirely new modes of failure not directly 
related to the circuit stress arc produced 
and that these new modes of failure will 
have their own characteristic failure rates. 
The test program should produce curves 
showing both the modification of circuit 
stress failure rates with environments, 
such as temperature of vibration inten- 
sity, and other curves showing failure 
rates produced by tile environment in 
the absence of circuit stress, 

MODE OF FAILURE ANALYSES 

If the laboratory's Service to the sub- 
scriber finished with the production and 
imthematical analysis of failures, the most 
constructive and universally applicable re- 
liability upgtading information would be 
lost. The laboratory service should include 
detailed dis.issembly and analysis of the 
physical, chemical and mechanical modes 
of failure of each type of component part. 
The results and interpretation of these 
analyses will be available to the subscriber 
and to the manufacturer of the part. 

CORRELATION OF FAILURE RATES 
WITH DESK ANALYSES 

Obviously, test programs must be per- 
formed upon component parts bought 
from particular vendors, anci, consequent- 
ly, test results presented under the above 
/our categories would be specific to each 
s endor. However, it would be chronically 
wasteful to limit the output of the test 
program simply to the products of the 
vendor supplying test items. 

By careful analysis of the design char- 
acteristics of the parts, combined with 
knowledge of the manufacturing proc- 
esses and quality controls used by the 
vendor, it is possible to establish extreme- 


ly valuable correlations between failure 
rates and design and manufacturing fac- 
tors. These correlations ate universally 
applicable to the products of ail vendors, 
The laboratory should seek to establish 
such correlations and will present the re- 
sults in the form of technical reports to 
the subscribers. 

USE OF TEST RESULTS 

BY SUBSCRIBER'S PURCHASING 
DEPARTMENT 

The results of the test programs will 
be of direct benefit to the purchasing de- 
partments in the selection of component 
part vendors. Even when a particular ven- 
dor’s parts have not been included in the 
program, the subscriber's purchasing de- 
partment would be able to make use of 
the test results in evaluating the materiab 
and process controls used by the supplier, 

BY SUBSCRIBER'S PRELIMINARY 
DESIGN DEPARTMENT 

Whenever a new system or equipment 
is offered in a preliminary design propo- 
sal, it is a good management practice Co 
require a precalculation of the expected 
reliability of the equipment if it is to be 
built from Slate of the art component 
parts. Although at this time the exact 
number of parts and the circuit stresses 
that will be imposed upon them ate un- 
known, certain assumptions can be made 
based on similarities between previous 
equipment and proposed equipment. By 
combining these assumptions with relia- 
bility indices for the component parts, a 
precalculation can be made. 

BY SUBSCRIBER'S DESIGNERS 

During the design phase, decisions 
must be made on the general degree of 
part derating and on the amount of mon- 
ey, space and weight that will be allowed 
for reduction of environmental stresses. 
The test program would provide specific 
numerical values to guide Both the amount 
of action needed and to indicate which 
changes will be most effective. 

BY SUBSCRIBER'S PARTS 
APPLICATION ENGINEERS 

It is well known that the failure rate 
for a given part depends greatly on the 
circuit stresses imposed upon it and that, 
in some cases, circuit stresses that are of 
little imjsottance to the performance of 
the equipment are of major importance 
to its reliability. The test program should 
provide specific data for identifying the 
nature and magnitude of circuit stresses 
that must be considered by the part appli- 
cation engineer in determining the suita- 
bility of a particular part for a particular 
application. 



BY SUBSCRIBER'S TEST 
ENGINEERS 

Eich electronic equipment manufic- 
tuter must make use of a great deal of 
testing in his own plant for both design 
and quality control purposes. For ex- 
ample, in the case of custom parts, such 
as spttcial potentiometers, the subscriber 
must writehis own specification and spec- 
ify his own test methods. The results of 
the "HELPR” laboratory program would 
be valuable in indicating which tests are 
likely to be most effective for a particular 
type of component, and to give some sig- 
nificance to them when the size of the 
test sample has to be very small. 


BY SUBSCRIBER'S QUALITY 
CONTROL ENGINEERS 

It Is generally true that the reliability 
of electronic equipment can be greatly 
improved by much more widespread use 
of non-destructive testing methods on the 
manufacturer's receiving inspection line 
and by cautious use of what is now called 
production environmental testing. The 
"HELPR" laboratory program would pro- 


vide clear indications of which types of 
non destructive testing can be most ef- 
fective and information that should be 
sought by non-destructive methods. 

In the case of production environ- 
mental testing, if this is done without the 
guidance of comprehensive knowledge of 
the shape of the failure rate curves and 
the duration of the infant mortality pe- 
riod, there is a very real danger that the 
environments will increase rather than 
deerc-ase the unreliability of the equip- 
ment. However, with the type of infor- 
mation that the central laboratory pro- 
gram would provide, major improvements 
in reliability from carefully selected and 
controlled production environmental tests 
can be confidently expected. 


The net result of all the above outputs 
from a central laboratory program and 
the application of these resiifts the sub- 
scribers could be momentous. Whereas, 
without a major program for generating 
handbook dat.i on component parts, the 
electronic industry may have to retreat 
from the degree of performance and so- 
phistication in designs now going into 


production. W'ilh the profojeJ progyam, 
the horizons jor the eteclronk mJiis/ry 
become mtUmhed- 

Certainly in the case of industrial auto- 
m.ation, the difference between a record 
of unreliability and a record of reliability 
will not only be a major factor in the 
success or failure of individual companies, 
but it will be the difference between a 
vast new surge of growth for the elec- 
tronic industry as a whole, and a rapid 
saturation and ensuing stagnation if the 
market is limited to only those applica- 
tions th.at can tolerate unreliability. 

In summary, the new branch of the 
engineering profession that we call reli- 
ability engineers have done .sn outstand- 
ing job in recognising the nature of the 
problem, in analyzing its causes, and in 
delineating the path that must be taken 
to overcome the problem. 

!/ is now lip lo she iiiaiuigeys and the 
responsible engineers ihroiighoiil the elec- 
Ironic iiiJiisiry to deride whether the 
American Electronic liidtisiry will ad- 
vance rapidly and lead the world in pro- 
ducing siiccessjid complex et/nipnieni, or 
whether we will hesitate and fall upon 
the hurdle of iiiireliabillly. 


The "HELPR” PROGRAM 


WIRE OR WRITE TODAY for the 52-page book, “The Handbook of 
Electronic Parts Reliability Program”— A Detailed, Systematic Ap- 
proach. There is no obligation, jost ask for the "HELPR” Book. Address: 



General Manager, 

INLAND TESTING LABORATORIES, 
Cook Technological Center, 

Morton Grove, Illinois 
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200-mpli. facility— ate being made to 
|cncratc infonnation on stiiliilih' and 
control, higli lift, landing conditioiis. 
etc. T'liis tunnel also is used exten- 
sitch' bv indiistiy for development test- 
ing o( actual protohpe inocich. 

In the field of .solid inccluinits, vviirk 
is being done on vabration and flutter, 
particukirh pmcl flutter, wliicli occurs 
at supersonic speeds. Vihratioii char- 
acteristics of thill-wall crlindcr.s under 
pressure (related to pressurized c-abins 
and missile fuel tanks) are being in- 
vestigated. 

Considcrahlc vviirk is Iwing done in 
the field of fatigue. Research einpha.sis 
is being placctf on effect of elevated 
tempctafurcs on fatigne proiicrtics of 
aluniinuni alloys, and mi growth of 
cracks in pressurized cvlindcrs. This 
work is largciv siip|)orted In N'AC.^ anel 
.Air Force. 

In the Jet Propulsion Center, a 
special activity established nndet the 
auspices of the Daniel and I'Torciicc 
Guggenheim fomidation. instrnctioii is 
given to graduate students and research 
is conducted in eonihiistidii pliennnicna 
and rocket motor design and opcr.ition- 

Ticd in with these studies arc invesfi- 
gations on guidance and control of 
rnckct-ptn|)cllcd missiles. Facilities for 
this work include the .Aeronautical 
Laboratory's experimental installations. 
CalTech's engineering facilities and 
fPL facilities. Prof. Dmican ILmnie 
directs the auitcr. 

Director of the Acronantk-al Lahor.t- 
tory is Dr. Clark B. Millikan. Kngagcd 
in research arc 12 professors, 7 rcscatcli 
fellows and I instructor, assisted hv 
approximately twn-thirds of the 100 
gr,iduatc students. 

Co-op Wind Tunnel 

Southem California Coopcnitivc 
AVind Tunnel, operated by CalTech for 
Convair. Douglas. Lockheed, McDon- 
nell and N’orth American Aviation, pri- 
marilv- is datited to aerodynamic test- 
ing of prototy|>c models of designs un- 
der development bv the owner com- 
panies. Designs evaluated in the CWT 
have included the B-?a, DC-S, F-104. 
F-lOl and F-107. 

Missile configntations evaluated here 
have included Triton, Navaho, Honest 
John. Nike and Cor|)Oral. 

CalTech supplies the technical staff 
(about 200 people) to man the tunnel. 
Tunnel speeds arc up to Mach 1-75- 
Thctc arc three test sections, subsonic, 
transonic and supcrsnnic. measuring 
about S by II ft. to accommodate 
models up to 5 to 6 ft. in s|xm, and 
operating at .1 to 4 atniosphcrcs pres- 

Test sections arc interchangeable bv 
use of a track arrangement st) that tests 
can be set up in one section while an- 
other is in operation. Dr. Millikan also 
is director of CWT'. ■ 




Straight 45^ and 90° fittings in stock 


extremely high and low temperatures, Stratofiex 
"Super-T" tube is extruded from specially com- 
pounded Teflon* and reinforced with high 
strength, corrosion resistant stainless steel 
wire braid. "Super-T" is unaffected by 
fuels, petroleum or synthetic bose lubri- 
icids, solvents, alcohol, and 
coolants. It is non-inflommable 
and the shelf and operating life 
are practically unlimited lo 
provide long and trouble 
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Cornell Research Has Great Freedom 


By Alphciis W. Jessup 


Buffalo— Philosophically as well as geographically, Cornell Aeronautical 
Laboratory's place in research and development lies betweeu the university 
and production industry. 

Although there is sonte feedback from the Laboratory’s tcscarch program 
to Cornell Univenity classrooms at Ithaca 147 miles asiay, contribution to 
the educational process is neither demanded of CAL staff nor established as 


a criteria for judging research projects 
The laboratory is similarly free from 
commitments either to a production 
line or to prescribed milit.nry doctrines. 

CAL tlius is as ncarlv independent 
as it appears practical for an applied 
research institution in aviation. About 
the only compromising factor is sur- 
vival. Like its past growth, the Labora- 
tory’s future existence depends upon 
income-producing research contracts 
from defense agencies or from private 
industry. It must therefore continu- 
ally make research proposals which will 
win financial support from these sources. 
Curtiss-Wright Gift 
Cornell .Aeronautical Laboratory was 
established Jan. 1, 1946, with the ac- 


cession by Cornell University of the 
original facilities and personnel of the 
Curbss-Wright Airplane Division re- 
search laboratory. In addition to the 
laboratory, the Curtiss-AVright Corp. 
provided $377,000 for tlic completion 
of the large wind tunnel. 

Initial working capital of S675.000 
was donated by .A\co Manufacturing 
Corp., Bell .Aircraft Cotp„ Faitcbild 
Engine and Airplane Corp.. Grumman 
Aircraft Engineering Corp., Republic 
Aviation Coro, and United Aircraft 
Corp, Avco. Bell, Fairchild, Grumman 
and United also contributed to the 
wind tunnel construction and its early 
operation. 

Applied research in military technol- 



ogy makes up over 90% of Cornell's 
contracts in keeping with its continuing 
dedication to "full performance on be- 
half of the Department of Defense.’’ 

Non-military research tor industry 
has been increasing and for the first 
time c.xcecded 51 million out of last 
years $13,800,000 contract total. Most 
of the industrial work is an outgrowth 
of military research. Example: Studies 
for General Motors on improvement 
of automobile handling and stability 
are based on Cecliniques originally used 
in research in aircraft stability and con- 
trol. 

Academic Approach 

Separation from the classroom and 
modern scicntfic management have not 
destroyed free academic approach to ap- 
plied research. CAL has successfully 
restrained itself fron) getting involved 
in production and production problems. 
Management claims that the laboratory 
is not perfornung directed research. 

Even the Lacrosse tactical missile 
meets the test of not being directed 
research. The project began as a Ma- 
rine Corps requirement for a weapon 
to destroy hard top targets like bunkers 
and pillboxes. Tlic Sfarines thought 
pretty strongly that the weapon should 
be built .around the helicopter. 

CAL's first step was to make a de- 
tailed analysis of the hard top target 
problem and of possible systems that 
might be used. It neither accepted nor 
rejected the helicopter as an essential 
part of the weapon system. As a result 
of its research and amlvsis, CAL con- 
cluded that a truck mourited missile sys- 

five and reliable— a verdict accepted by 
the Marines and -Army. Tlie project 
was eventually tran.sfertcd to the Army, 
Production to Industry 

C.AL carried the Lacrosse missile sys- 
tem through the entire tcscarcli phase 
into early development. It did build a 
number of test and prototype missiles 
and managed a test firing program. But 
production for Army and hfarines has 
been turned over to The Martin Co. 
which will make the missile at Or- 
lando, Fla. 

Other hardware resulting from Cor- 
nell's research contracts also arc turned 
over to private industry for production 
although the Laboratory has built pro- 
totvpc of test configurations. 

Problems of directed research and 
nf production continually concern the 
CAL nianagcmeiit. They tec! the CAL 
was in the Lacrosse project too long, 
that it should have been turned over 
to industry earlier. On tire other hand 
tbc\' recognize the risk that if the re- 



search organization gets out of a wea- 
pon system or cqui])mcnt program ton 
early, the project might Ijc droijpcd. 

No decision has been made but con- 
sideration is being given to not under- 
taking similar weapon system contracts 
in the future. 

This may not be so much a result 
of the Lacrejsse project as from the cx- 
ix'riencc in the Plato Project for an 
anti-missile mi.ssilc. lire prdiminan' 
weapon system analyses tor such a proj- 
ect involve a fairlv sizeable scientific 
staff and thousands of man hours. CAL 
believes tliat rescarcli institiition.s of its 
tv pc arc freer to make unbiased studies 
t>f such problems but have a limiting 
factor in being less able to readjust to 
contract canccliaHon or transfer. 

Better than 50% of CAL’s research 

Cornell Facilities 


projects arc "sole” source, that is they 
arc projects conceived by the laljota- 
tory staff and "sold" to .a sponsor who 
contracts for the labiiratorv to carrv out 
the iMoject. The remainder arc re- 
searcli projects on which the laboratory 
is requested to bid by a sponsor or de- 
fense ageiicv. 

CAL actuall) bids onlv on a small 
number of those |3roposcd to it. 

Wbether the ])roject is .sclf-gcncratcd 
nr proposed from the contracting 
agency, it must meet certain require- 
iiicnts of the laboratory: 

• Technical uncertainty. There must 
be enough ciiallcngc, |)crhaps explora- 
tion of unknowns expresses it best, in 
the research pro|>osal to make it inter- 
esting to the exploring minds and cre- 
ative talents of the laboratory staff. 


• Promise of value. Projects must hold 
out jiromisc that the answers it and 
when found will contribute to essential 
scientific and techniral knowledge. 
Ncgiitivc answers may be as important 
as positive answers. 

• Within laboratory capabilities. Proj- 
ects are cvuluafcd against the compe- 
tence of the staff and the possible aug- 
mentation of the staff. C.AL under- 
takes proposals for wliich it h:is the 
micicus of competence. 

• Follow through- Assurance tliat wide 
disscniiniition of the tcelmical results 
and inforniatioii accruing from the proj- 
eet is deniandetl- The laboratory staff 
wants to get information nut early, 
hoping for feedback from the services, 
industry and other research groups 
whicli will help it go on to newer fields. 

llic laboratory has estiblishcd some 
negiitisc criteria as well: 

• No interest in consulting. It won’t 
fake X-nuinber of men and attacli them 
to a company staff to help solve pro- 
duction line problems. 

• Limits on reduplication. It avoids 
doing tlic same t.isk os cr and over again. 
Avco. for cxauiplc, wanted ComcTl to 
build its iiy pcrsoiiic siiock tunnel On a 
crasli Iwsis. Tlic labnratorv refused. 
Having buiit one simiiar to that Avco 
wantcH. CAI. said that wasn’t its busi- 
ness. If did. however, cooperate witli 
the designing nf Avco’s shock tube and 
made available its research reports. 

Fundamental Philosophy 

Tlicrc is no clearer presentation of 
the fundamental pliilosnpliv of Cornell 
Aeronautical laiboratnry than this. Tlic 
use of the shock tube for testing air- 
craft anti missile .shapes was a Cornell- 
generated project. When it was cum- 

C leted. it was used as a laboratorv tool, 
lit also as the foundation for the dc- 
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duplicate such flight profiles as the 
ballistic missile re-entry. 

In addition to research in hypersonic 
flow, including heat transfer, CAL em- 
phasizes Study of low aspect ratio wings 
and wingbodv interference, Franklin 
K. Moore, head of the Aerodynamic 
Research Department, points particu- 
larlv to nevs programs in low speed 
flight. Missiles and aircraft that w'ill 
fly at speeds of Mach 15 will still have 
to pass through flight from Mach 0 
up. There arc mans gaps in our knowl- 
edge of what liapirens to low-aspect 
ratio wings at such .s|>ccds. 

• Aeroelasticity. C.AL has been in- 
volved in flutter research almost from 
the day the laboratory «us established 
by Curtisi-Wriglit in' 19-»3. Recently 
completed research project investigaterl 
the transonic flutter bchasior of swept, 
straight and delta wings. Other inter- 
ests ate propeller stall flutter and heli- 
copter rotor flutter. Next projects will 
be run in conjunction rvitli the wave 
supcrlicatcr on flutter plicnomenon at 
hypersonic speeds and high tempera- 
tures where the stiffness of stnicfurcs 


• Stability and Control. F'ull scale re- 
search on dynamic stability and con- 
trol of aircraft has been a continuing 
program for over 10 years. Current 
projects covet measurement of dynamic 
and control characteristics for high per- 
fomiancc aircraft including those at 
transonic and supersonic speeds, study 
of flight characteristics using variable 
stabilitv and control systems, measure- 
ment of atmospheric turbulence, and 
study of flight maneuvers ins'olving 
strong inertial cross-coupling. 

Design of future jet aircraft may be 
impros'cd as a result of longitudinal 
and lateral stability and control data 
collected using a specially instrumented 
North American F'-lOO, .A comparable 
program involves an XH03S-2 helicop- 
ter, on which all the helicopter dynamic 
stability dcrisatives will be evaluated. 

Handling qualities of the Convair 
B-58 Hii-Stlcr supersonic bomber were 
simulated before the bomber was built 


Research Diversity 

Diversity of aeronautical research at 
C.AL can best be understood by this 
sursey of areas of interest nitli a sam- 
pling nf types of projects: 

• Acrodyuaiiiics. Development of tran- 
sonic and hypersonic test facilities have 
been among tlic most widely known 
activities of CAL, Its perforated throat 
for transonic wind tunnels aids in gen- 
eration of good flows, presents cltoking 
of the test section and reduces strength 
of reflected shock waves. Besides in- 
stallation in its oun wind tunnel, CAL 
has assisted in tlic dcsclopmcnt nf 
a perforated throat for the transonic 
timiicl located at Arnold Engineer- 


SUPERSONIC Mach 3 tunnel with 1-sq. ft. test section also has transonic capability. 


TEST specimens are cast by metallurgists in search for new high-temperature metals. 


s clopmcnt of the hypersonic shock tun- 
nel— a shock tube incorporating a wind 
tunnel nozzle. Improscnicnt of shock 
tunnels and their use has continued; 
hut CAL seeking another jump in 
testing equipment began developing a 
ware supcrhe.itcr whicli will test air- 
craft and missile configurations in cun- 
tinuou.s airflows of Mach 15 or greater 
at st-agnation temperatures of 6.000K 
for 15 sees, or more. Flow M.icli num- 
bers can be varied and controlled. 

CAL says it should use its talents to 
broaden the use of such research de- 
vices and to seek new research tools, it 
shouldn’t stop to build hardware which 
other people could build using the re- 
.suits furnished by the laboratory. 

Research projects at C.AL arc varied 
m scope and cost. Lacrosse was a com- 
jjlcte missile system. 'I’he wave .super- 
heater is a 52,000,000 contract. Others 
range down to a few thousand dollars. 


ing Development Center, Tullahoma. 

Flypcrsonic shock tunnel— a shock 
tube with a wind tunnel nozzle— pro- 
duces airflows up to Mach 1 5 with simu- 
lation of the high stagnation tempera- 
tures for short durations of about one 
to seven milliseconds. Along with 
tliis came the des'elopincnt of instru- 
mentation which would accurately meas- 
ure force, pressure and heat transfer 
rates during the short test run. 

Now, CAL is embarked on the 52 
million project for tlic Air Force Of- 
fice of Scientific Research to build the 
wave superheater to test aircraft and 
missile configurations- Pilot model of 
the wji c superheater has been operated 
succcssfiillv- Tlic new facility will simu- 
late true free flight of aircraft and mis- 
siles for the study of materials, struc- 
tures and aerodynamic problems at hy- 
personic speeds. It should be able to 


292 


AVIATION WEEK, June 3, 1957 


• UNIVERSITIES 


Budget Not Sole Answer to Research 


Better understanding of the research prucess and better 
management nf the nation’s tcseatcli effort arc now oi 
greater inii>ortancc than larger research budgets, according 
to Ira C. Ross, director of ConicU Aeronautical Laboratory, 

"Rcscarcli is not an Industry . It cannot be measured by 
traditioiial standards of bigness,” Ross soys in warning 
against a ‘‘dangerous tendency for research to become a 
popular toy.” 

'I'reiid for industrial companies to budget large sums for 
research and to build up large research staffs alamis Ro.ss. who 
has been engaged in research and research management since 
1928. Although tlie intentions to look ahead and come up 
with new thiii^ ate good, Ross finds the record tends to be 
bad, with research personnel always being tied up in .solving 
problems for the jirodiiction dcjiattiiicnts. 

Weapons research and carlv systems evaluation must be 
a continuing ptnccss of looking at everything. 1'oday in 
Ross' opinion the subjects shmild be alternate systems and 
weapons foe 1970 and beyond. 

“Now. we can afford 30. dO. or 50 new wea|>on system 
research projects for the future,” he claims. In fact he 
feels we cm not afford less tlian the masinmm number of 
scicutificallv justifiable projects w'hieh seek to find the 
answers to the next generation of military requirements. 

Often this may seem like duplication, but only by thor- 
ough examination of all the pernmfations can we guarantee 
the best w'capons for future defense. Ross says. 

On the other hand, we should not be researching 15 

different systems to do the same dcfcn.se assignment in 

1965. Gestation time for w'cipon ssstems runs about 10 

years, with an overlap of about five years. Five years ago 
we would have been justified in having manv approaches 
under rcsearcb examination for the 1965 requirement, ac- 
cording Id Ross, hut not now. 

Not only must industry tecogiii/.c the pro|>ct rule fur 
rcscateli but so must Congress nndcrshnid these funda- 
menials and be willing to sup|>ort a multitude of early 
research and csaluation jirojects. Costs actually are small in 
the carlv stage, mmiiiig from SIOO.OOO to 82,000,000. 

Ross, like many scientists, believes that the recent con- 
solidation of research and engineering imdcr one assistant 
seeictary in the Deportment of Defense was right. He says 
research and des'elopmcnt and engineering arc inescapably 


linked because a wx:a|>on or a weapon system must be gotten 
to Hie prototype stage and into production, 

Equally, he insists rcscarcli, development and engineering 
are different. Here is the crux of the scientists’ fight against 
the ajipointment of Frank D, Newburv as the Assistant 
Secretary for Research and Kiigineerhig. I'hcy had absolutely 
no coiifideiice in Newbury's abilitv to manage and to listen 
without bias to the reseaicli experts as well as the produc- 
tion experts, then resolve whatewer differences there might 
be. 

Ross says top defense officials must depend ou the staff 
work of es|ietts on research and of cxiierts on production. 
Industrial management, if it is to get maximum value from 
its investment in research, must do likewise. 

Haiiiperiiig the defense research effort today is the 
method of research procurement, savs Ross. A major rccom- 
mendatinn of the Ridenour Committee report wliich led to 
the creation of the .Air Research and Development Com- 
uiaiid was a research procniremcnt agenev. ARDC has never 
liad this grou)i. 

Result is that tire quality numcTutor of iierformaiice is 
being judged bv the technical agenev sponsoring the n»eacch, 
while the business denominator is determined by procure- 

"33’licn a research project is begun, who can say what 
you can deliver?” Russ asks. 

Management of a research laboratory like C.AL requires 
a fairly rugged nimtal constitution. Building up a backing 
is pretty much out of the question. 

"If you ore eontnacting research two years ahead,” Ross 
claims, "then you arc not doing research. " ’The exceptions 
to this ate a few contracts where defense agencies contract 
just for what the laboratorv can do. that is support research 
along very general lines with six:cific projects being decided 
from time to time. 

Ross became director of the laboratory in 195-4. succeed, 
iiig Dr. C. C. Furnas, who became Chancellor of the 
Univeisitv of Biiffaln and later .Assistant Secretary of Defense 
for Research and Development. Prior to this appointment, 
koss had been head of the AA'ind Tunnel Department and 
of the Flight Research Department. He uas manager of 
night Rcseaich for CnrtUs-AA'right when Cornell Aero- 
nautical Laboratory was founded. 


by CAL using an F'-94 modified with a 
variable stability and control system. 
Improvcinciif of handling characteri.stics 
for the Hustler were made while the 
first protutvpc was being built. 

The l’’-94. like a B-26 used previously, 
was modified fur variable longitudinal 
stability and control. First applic-ation 
of variable system was made on an 
F4U-5 for iaferal control. 

Now, a T-35 is being equipped witli 
variable svstan for rudder, ailerons and 
elevator. \\'itli it, it is hoped to simulate 
the stability and control characteristics 
of aircraft yet to be designed. 

Another new pjojcct will ackipt tlic 
automatic control equipment for zero-G 
loading experiments. Previous studies of 
how man performs under zero G con- 
ditions have been accomplished with 


manual control of the flight trajectory 
and higli probability tlmt zero G con- 
ditions were not maintained closely 
enough. 

• Materials. Scarcli for lean alloys using 
inexpensive and non-str.itcgic elements 
as substitutes for str.itegic materials, 
creep and rupture testing, fatigue 
studies, heat transfer investigation, im- 
provement of structural plastics at 
temperatures up to 700 F'.. and studies 
nf rain erosion figure prominently in 
the materials research |)rogtam. AVitb 
the move into hvpersonics, no diminu- 
tion of materials study is cxpcctcd. 
Complction of the wave supcrlicatcr 
will augment tlic materials dep;irtuicnt’s 
tools, giving it the opportunity to in- 
vestigate heat transfer and materials 
behavior under very liigh tcm|)crutiitcs 


in close to free fliglit conditions for 
reasonable time durations. 

Among the heat transfer problems 
under study arc tlic new rapid fire guns. 
High temperature and higli rates of 
conduction tend to "cook off” rounds 
of ammunition. Projects have measured 
the tcmiKr.itiircs involved, developed 
modifications and recommended cool- 
ing svstems to keep guns from getting 
so liot that heat rather than trigger fires 
the round. 

• Stnictures, Current programs include 
investigation of structural and vibra- 
tional characteristics of supersonic 
propellers, loadings on missile com- 
ponents, air supported tadomes and 
determination of effects of aerodynamic 
licating on aircraft structures. 

Future programs will be run in asso- 
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SQIAKTROW TRANSFER FUNCTION ANALYZER 


-EJSOST 

rEOOIFMENT 


TOP MANAGEMENT AGREES iKot tha 
SOLARTRON TRANSFER FUNCTION ANALYZER 


THE ONLY SERVO TEST EQUIP- 
MENT which discriminatas ogoinst 
noisa and hormonics; covers 0.5 c/s 

LFsed on OC ond Corrier Servos, and 
on mechanicol, electro-mechonicol 
and hydraulic systems for fuel flow 
ond vibrotion onolysis- 


Conto^ut for demonslralion ond 
loon of SOLARTRON TRANSFER 
FUNCTION ANALYZER without 


ENGINEERS AGREE that the SOLARTRON 
TRANSFER FUNCTION ANALYZER nol only 

obtoinoble by ony olher method or aquipmeni. 


10761 Burbank 
North Hollywood, 
Eostarn Drviiionr Comd 


.INC. 
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UNDERGROUND 1.000-in. ballistic range 
built under Atni)’ Oidiiaiice sponsntship. 


ciiition with the waxc superheater 
facility, investigating structures of 
missile and aircraft configurations in 
sustained airflows above Mach 15 and 
III stagnation temperatures of 6.000 K. 

Equipment for accurately measuring 
surface strains under very hieli tcin|x:rj- 
ture test conditions have aTso resulted 
from the struchiral program. 

• Aircraft design. Projects have coscied 
boundarv layer control applications, 
supersonic cockpit requirements, de- 
signs for thtinicaliy-fuckd engines, un- 
conventional aircraft studies and evalua- 
tion of foreign aircraft. Unconventional 
aircraft studies were not aimed at pro- 
duction of hardware hut at evaluation 
of the technical problems and fciisibility 
for various short field and vertical take- 
off conceptions, and povvcrplants in- 
cluding ducted fan engines. 

• Propulsion. l''lamc propagation studies 
have been carried on continuously since 
1Q46. Current rcsearcli in flame propa- 
gation in high velocity gas streams has 
application to nonstcady flow opera- 
tions of jet engines. t)tlicr interests 
liavc nonstcady flaw in ducts, ramjets 
and vahclcss pulscjcts. 

• Flight Instrumentation. Innnediate 
problem facing any scientist in adv-aiiccd 
aeronautical research is adequate in- 
strumentation. First he ncccls instru- 
mentation which will quantitatively and 
qualitatively measure the data for 
evaluating the research results. Second, 
he must create instruments that enable 
the eventual hardware to fulfill its 
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flexing a 
million-pound 
muscle.. ■ 



Future achievements in the field of rocket propul- 
sion depend upon the ability to test prototype en- 
gines at rapidly increasing power levels. To keep 
pace with these higher power requirements, RMI 
is completing work on a giant rocket test stand. , 
The new RMI test structure is capable of 
testing rocket engines in the million-pound 
thrust class. Its massive rotating system pro- 
vides firing attitudes from vertically downward 
to 45 degree above horizontal. The control cen- 
ter contains a maze of instruments that contin- 
uously record separate events occurring, within 
the engine, at intervals ranging from one-tenth 
of a second to less than one millisecond . . . 



and with accuracies up to ninety-nine per cent. 

This addition to RMI’s already-extensive test 
facilities paves the way for tomorrow’s more 
powerful and more efficient rocket powerplants. 
It’s another example of how RMI — America’s 
first rocket family— is continuing to pioneer in the 
development and production of new engines for 
supersonic manned aircraft . . . helicopters, cata- 
pults and teat sleds . . . and missiles for defense 
and space exploration. 

Engineers, Scientists — Perhaps there’s a 
place for your talents in RMI’s expanding or- 
ganization. Our new projects present challenging 
problems and the chance for greater responsibility. 


for Progress 

.REACTION 


lOTORS, INC.^ 

' — A MEMBER OF THE ^^R T. 
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NAVY is field tesb'n| C.\L’s experimental 
Intercept T'rackiiig and Control equipment. 


mission nt new mnges of speed and 
tempera til rc. 

CAL dcrclopcd computers late in 
\\'orld NV.ir II to provide data required 
for impro'ing airborne fire control. 
Liter this was extended to coier speeds 
of subsonic jet fightcr.s. No« tlie |)ro- 
grain is directed toward use of tlicsc 
fligiit line computers in transonic and 
supersonic spcc^ ranges. Using a special 
van-pitch pitot static tube and small 
temperature probe as the only external 
sensors, tlic airborne eomputers measure 
angle of attack, angle of sideslip. Mach 
number, relative air density and true 
sljecd to fine tolenmccs. 

X'ortex tube instruments for tlic 
measurement of free air temperature 
and true ait.specd hinc been developed 
from tlic Ranquc-Ililscli tube. The free 
air device is smaller than a piockct 
cigarette lighter. 

Otlier instrument research includes 
low airspeed indicator for helicopters, 
a dev ice to rapidly sample water droplet 

lions, equipment fur detecting and 
mc-.isuring gamma radiation, a gaseous 
flow meter based on tran.sit time of 

CIS for atomic cnergv tests. 

• Electronics. Rese.iicli in electronics 
ranges from eomponents to complete 
.svstems. In the latter e.itegorv arc; In- 
tercept Tracking and Control Console 
for controlling Navy carrier figliters to 
Immbcr intercepts, bomber defense 
missile svstem controlling a missile fired 
from a hist moving bomber; also, major 
elements of svstems, such as tlic deck 
motion piobabilitv computer for the 
automatic, all-weather carrier landing 

In tlic com]joncnt area, C.AL has 
Ijccn studying the heat transfer prob- 
lems in subminiatnrization of com- 
)>oiients. 

Radar research includes modification 


ROCKET POWER PROGRESS REPORT 


Servicing Rocket Engines 

Part I: Know-How 

by Fred Barker 

Supervisor of the Product Service Department at 
Reaction Motors, Inc., Mr. Barker coordinates the 
activities which keep rocket engines on their good be- 
havior. A graduate of New York University, with a 
B.S. in M.E., he has had diverse experience in en- 
gineering — including test, manufacturing liaison and 
customer service liaison. Mr. Barker joined RMI 
in 1949. 



‘‘Know-how" in any business is the result of thorough training and 
experience on specific products, RMI Product Service Department person- 
nel get a complete grounding on their products right from the development 
stages through field installation and operation, The know-how thus attained 
is turned into a direct benefit for all RMI customers. 

Key service engineers and service r^resentatives join a project during 
early development, work actively with Engineering, Component Develop- 
ment. Assembly, Test and Inspection Departments. Mock-ups are reviewed 
from the standpoint of service— i.e., whether proper consideration has been 
given installation, accessibility and serviceability of components and the 
overall powerplants. 

When a project is ready to move into the field, these same key men 
act as instrurtors, conducting training programs to impart their accumu- 
lated knowledge to customer personnel and other service representatives. 
With our ROR powerplant (rocket-on-rotor for helicopters), for instance, 
Sikorsky, Navy and Marine Corps personnel attended training programs 
at RMI and in the field. Scope of th^ programs covered the rocket power- 
plant. its installation and operation in the Sikorsky HRS helicopter, and 
the use, transfer and storage of the hydrogen peroxide propellant. Once 
ROR settled into operations at the Marine Corps Air Station, Quantico, 
Virginia, the service representative’s know-how assumed a stand-by 
character. 'Training programs were repeated or amplified only as required 
by personnel changes or powerplant modifications. 

Safety is a major item in each RMI representative’s assignment, 
because safe use of the powerplant and safe handling of propellants aru of 
paramount importance. Safety is improved by service representatives 
through on-the-spot lecturas and training programs, whereby procedures 
and policies are outlined and integrated into the activities routine. Again, 
at Quantico, an admirable safety record has been achieved and maintained 
in just this fashion. There, over the past few years, our service representa- 
tive has assisted the Marines in safely utilizing the ROR powerplant and 
the hydrogen peroxide fuel for their HRS helicopters. The result is found in 
the simplicity of powerplant operations, peroxide handling and storage 
area procedures, and in the attainment of a ‘‘no personnel injured” safety 

Obviously, know-how is of importance in a clutch situation. Wisely 
applied, it leads to the right decision and the proper corrective action on 
the scene of a problem. 'The recently launched Glenn L. Martin No. 13 
Viking missile provides a case in point. Pre-static firing inspection revealed 
discrepancies in some components of our 20,000-pound thrust rocket 
engine. Normal field maintenance sufficed for ail but one difficulty: a valve 
seat and poppet, scored by foreign material, required lapping to meet 
leakage specifications — but no lapping compound was on hand. Chir service 
representative used common household cleanser, lapped the poppet and 
seat to within leakage specifications, and the program moved on with only 
minor delay. This difficulty remained minor only because prompt and 

f roper handling prevented development of a major program obstacle, 
mmediate action was required; immediate action was taken. 

In Part II, we shall examine the function of the service engineer and 
service representative in various areas of Product Improvement. 


If you desire one or more reprints of Mr. 
Barker's article, or would like to receive fur- 
ther information about employment at RMI, 
write to our Information Services Coordi- 
nator, Reaction Motors, Ine., 14 Ford Road, 
Denville, N.J. 
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Invitation to the best engineers in Ohio (...or anywhere else!) 


This is a raockup of tiie new T2J Navy jet (raiiier. 
designed and engineered by the Coiuinbus Division of 
North American Aviation- 

Displayed at the invitation of the Ohio Society of 
Professional Engineers at its 1957 annual meeting, the 
T2J is a graphic example of U. S. Naval aircraft engi- 
neering progress, ft is the logical follow-aii to the long 
line of distinguished standard trainers for which 
North American has been famous for over a quarter 
of a century. Designed as a basic trainer for jet pilots 
in all branches of the Armed Services- the T2J’s per- 
formance is equal or sujierior to the nation's first jet 
fighters. 

As an engineer, you can appreciate that many of our 
interesting projects cannot be exhibited in a public 
place. The performance and ability of these new air- 
craft startle the imagination of even the most advanced 
engineers. The requirements they impose offer chal- 


lenges to every engineer current!) working on them. 
They will do the same for you. 

There’s a fine future for you in applj ing your knowl- 
edge. experience and talents to the advance of Naval 
Aviation in the fields listed below. Write today. 

Advanced Missile Design - Aerodynamic Research 
and Development Airframe Structural Design - 
Analysis of Flying Qualities - Autemia Development - 
Dynamic Stability • Electronic Defensive Systems - 
Fuel Systems Design • Heal Transfer Research • 
Mechanical Component and Systems Design - Pre- 
liminary Design - Servo Systems Analysis - Solid State 
Physics - Structural Dynamics • Systems Analysis 
Mathematics • Vibration and Endurance Testing • 
Weight Analysis - Mechanism Design, 

Contact: Mr. J. H. Papin, Engineering Personnel 
Manager. Dept. 56 W-6, North American Aviation, 
Inc., Columbus 16. Ohio. 


THE COLUMBUS DIVISION OF 

HORTH AMERICAN AVIATION, 
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of ii C\V radar for the Weathet Bureau 
for use in tornado warning and track- 
ing. 

Still another project is determination 
of radar cross-sections for bodies of ro- 
tation. nb\'i()uslv missiles. 

• .Atnipspheric Physics. Tliimdcrcloud 
electrification, jet stream detection, icing 
ptoblciiis, condensation trails, doppler 
signatures for \arious weather plicnoni- 
cna and electrostatic charging are 
among the atinospiieric stud) areas. 

A new theory which incrc.ises by ten 
times the corona discharge from 
thunderclouds was verified by corona 
discharge tests in the variable density 
transonic wind tunnel. 

Equipment incorporating very sensi- 
tive clcctro.statie field meters for de- 
tecting jet stream remotely b\ elec- 
trical measurements has been installed 
in an airplane for a test |)rograni. 

• Weapons Engineering. In addition to 
seeking solution to the cook off prob- 
lems of aircraft guns, C.AL has sfiidicd 
such problems as bomb scp.iration from 
aircraft at subsonic, transonic and siipcr- 
sonie speeds. Tliis inav be applied to 
separation of rockets and guided 
missiles from high speed aircraft. 

• Weapon Svstems. C.AL tackles 
weapon system work from two direc- 
tions. One is the design of we.ipon 
ss'stems, such as the Licrossc tactical 
sntfacc to surface missile. Other design 
studies arc a bomber defense missile 
svstem svitli the aerodsnamic problems 
of rearward launching, guidance and 
control, and the early research on an 
anti-missile svstoin under Project Plato 
for the Army- 

Systems Research 

Second is ssstems research. Ihis 
covets a panorama of research in weapon 
and weapon ssstem esaluation, fcasi- 
bilitv studies in the prcliminar)' design 
stage of weapon svstem.s and estab- 
lishing new svstem requirements. 
Typical of these ssstem research pro|ccts 
were a studs’ of Nav)' task force com- 
|)Osition which suggested new fleet 
operational plans and ship dispositions, 
a project on continental air defense to 
extend the area outside of the U. S- 
in which an air defense battle would be 
fniight. This latter project apparently 
revived the requirements for a long 
range interceptor. 

Included also in sssteins research has 
been a complex of shidics on tactical 
ait war designed to assist the .Air Force 
in dcs-eloping a more cffcctise tactical 
air capability. Beginning with an evalua- 
tion of available tactical ait equipment, 
the projects now are examining how 
best to give tactical air both an atomic 
and non-atomic delivery capability and 
how to enhance flic effectiveness of the 
ssstems available. Xot onls arc the re- 
sults taking the form of reconmtenda- 
tious concerning techniques and pro- 
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. . . good sealing begins 
here, too! 


Wheo tLe problem of sealing is a part of design flifnblng the whole design is bound to 
be better. This is especially true of no-leahige scaling. Wlien your designs require sealing 
... from -400* to +1000" ... why not mdlln one of our field mea One of the 
*0-seal' family*, may be the answer to sa\e you time, money and effort 






FRANKLIN C, WOLFE CO. 

A DIVISION OF PARKER APPLIANCE COMPANY 


Culver Ciry, Califen 
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cediircs but also of new equipment 
specifications. 

Organizatioiiallv. tlic laboratory- is de- 
partmentalized under its manitgerial- 
cxcaitivc group. Departments with 
their specialties ate: 
e Aeiodyiiainic research: aerodynamics, 
heat transfer, aerodynamic test facilities 
and propiilsion. 

• Aero-mcclianics; acroclasticity. struc- 
tures, helicopter research, electronic 
com|xincnt evaluation and design. 

• Flight research; stability and control 
coefficients, variable stability systems, 
flight test service for other dc|>artniciits, 
indii.strial research in automotive sta- 
bility iind control and tire dynamics. 

• Material.?; high temperature )netal- 
lutgy, plastics, and heat transfer. 

• Pliysics; electronics, aeronautical in- 
strumentation and atmospheric physics. 

• Svsteins research: systems evaluation 
and operations analysis, and weapons 
engineering. 

• Wea|X)n systems design; design and 
development of missile systems and 
analysis of new aircraft and missile 
svstem designs. 

• Engineering design and shops: fiibti- 
cation of devices and prototypes, and 
of test models of aircraft, missiles, 
flutter models and propellers for wind 
tunnels. 

• Wind tunnel; operation of the S-ft- 
tran.sonic wind tunnel and development 
of techniques for wind tunnel testing. 
Windtunnel Management 

To some extent, outsiders' jnbes 
about Cornell Aeronautical Laboratory 
being an adjunct to the large wind 
tunnel arc true. Bv:t it has never been 
a joke to the CAl, inan;igcmcnt. Fail- 
ure to operate the tunnel efficiently 
could have put CAL in the red long 
ago; instead good management plus the 
nation's shortage of wind tunnel test 
time has made it the largest^ single 
.source of income and a modest “profit” 
from the test fees has helped expand 
the other rcse.irch facilities. 

Originallv a 12-ft., subsonic tunnel 
with a Mach .95 limit, the tunnel has 
been inodcniizcd with the C.AL de- 
veloped perforated throat into a tran- 
sonic, variable density tunnel, oper- 
ating from Nfach 0 to Mach 1.1. Densi- 
ties can be varied from i to 2i atmos- 
pheres. 

Scheduling, not sales is the prime 
task of the wind tunnel staff. The 
modernized tunnel went into operation 
in December. Occupancy averaged 
well over 400 hours per month during 
December and January and tlic F'chrn- 
arv total was 500 hours. 

Occupancy charges come to about 
51,000 per hour. For this, the user can 
expect to get at least 500 data points 
per hour and the total may rcacli l.OOU. 
In addition, data can he monitored 
during the test so that necessity varia- 
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tions ill tlic test program can be in- 
torporated nt once. Typical six-com- 
ponent force data program with base 
pressure correction and two liinge 
moments requires S to 9 see. for read- 
ing, computation and read out. Im- 
mediate analysis of results can thus 
be aceomplishcd. 

Among current operational aircraft 
that hmc been tested in the CAL 
tunnel arc the K8U. Fill', F-100. 
I'-lOl, F-102. A test program was run 
for the Caravelle French twin-jet air- 
liner now on sales tour in the U.S. 
Also, the Saab Dragon, double delta 
supersonic Swedish fighter. 

Departmental Autonomy 

Each demrtmciit is relatively auto- 
nomous. lire department head is re- 
sponsible that he has in hand enough 
nork of sufficient scientific statute. Each 
department does its own “selling" for 
the laboratory has no sales department 
per se, only a contract department for 
administratis'c purposes. 

A steering committee monitors the 
operations of each department. It re- 
views the proposals which the depart- 
ments wish to "sell” to a sponsor. It 
also reviews proposals wliich the 
laboratory is asked to bid on. In both 
instances this is simply to chock that 
the proposal meets the criteria earlier 
outlined. Occasionally it vetoes a de- 
partment head's proposal. Usually, this 
takes place only when the department 
has been blinded by a low level of ac- 
tivity or in banging on to a pet sub- 
ject long after its I’aluc in research has 
been exhausted. 

Naturally, many research proposals 
require the applied talents from many 
departments. Uoweicr, the pro.spcct is 
usually assigned to a project engineer 
wlio works under the general super- 
vision of a department licad, and he in 
effect subcontracts nith other depart- 
ments for tlic sers'ices be needs. 

A significant phase of the CAL jno- 
grani is its internal research. Each 
department is allotted 100 hours of 
direct labor pet month o\'cr which there 
is no audit. It uses this time to support 
fundamcntnl rcscarcli ideas of its staff. 
It the initial start looks promising the 
department may take it to the steering 
committee for review and for additional 
support; ot it mav be to catrv it on 
its 100 hour program until it can be 
taken to an agcncs' like the .Ait Force 
Office of Scientific Research as a firm 
tcscaich proposal. 

Examples of intcnially supported 
ideas which have become advanced 
sponsored research projects are the 
petforated throat for transonic wind 
tunnels, ttansfomiation of the shock 
lube to shock tunnel, wave super heater 
for continuous flow hspctsonic testing, 
and the imestigation of low aspect ratio 
wings. ■ 




WIND TUNNELS 


Aerolab is recognized as foremost in the 
field of small wind tunnel design and 
construction. Superior engineering plus 
production know-how combine to cre- 
ate a tunnel unequalled in performance 
and price. Several forward-looking uni- 
versities and aircraft companies have 
installed Aerolab tunnels. 

Twenty-four combinations of size, ve- 
locity and configuration encompass the 
requirements of most any laboratory. 
Custom tunnels may be engineered to 
fit your specific requirements. 
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for the killing' demands of occessory power. . . 

AMF has experience you can use 


♦ No port of o missile is more Important thon the power supply thof directs it to the "kill". 
And AMF hos produced more gos turbine power units tor guided missiles thon ony other 
iouice . • Typicol AMF systems produce up to 50 hp.— with modllicotlons, up to 200 hp.— ot 
durations from 20 seconds to many hours. They ore completely independent of the main 
power plant, insensitive to missile ottitode or altitude, and to environment, occeierotion, 
shock, or vibration. ♦ Units offer multiple start-stop flexibility, precise frecfuency ond voltage 
control, ond can be packoged to fit procticolly any space orrongement, with little size and 
low weight. • See lor yourself why, in accessory missile power os in a voriety of other highly 
specialized fields, AMF has experience you can use. 
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Facilities Lag Hurts British Missiles 


By Williani Coughlin 

London— Britain’s new shift in emphasis from manned aircraft to guided 
missiles may be endangered by the same thing that handicapped aircraft 
development here— lack of adequate research facilities. 

Some of the nation's top scientists and technicians warn that it may 
once again be a case of “too little, too late.’’ 


It is now admitted. e\cn Iry tup offi- 
cials ill the Ministry of Supph. that 
Britain's decision not to build an 
X-scrics of liigh-spced research aircraft 
w-.is a mistake wliich was in large part 
responsible for the failure of the figfiter 
program. 

Failure to initiate an adequate super, 
sonic wind tunnel program early enough 
was another cause. 

Five Years Behind U.S. 

W'hctlicr a simiLir mistake now i.s be- 
ing made in the missile program is a 
question being wised l>\' some of the 
most experienced men in the field. 
Britain's guided missile dcielopmcnt 
has fallen years behind due to a lack 
of proper effort and goi'eminent sup- 

To catcli up now— and to keep pace 
nith the advanced wca|)oiis planned tor 
the military’s "new look’’— will require 
a tremendous research and dciclopmcnt 
effort. 

The facilities situation is improiing 
but many of those at work on missile 
projects say it is not improsing fast 
enough, particularly in regard to ground 
test facilities. 

When Prime Minister Harold Mac- 


Millan returned from Iris Bermuda talks 
witli President Kiscnliower, he said that 
guided missile dcsclopment in the 
United Kingdom was five scars behind 
that of the United States. 

Commenting on tliat. the chief engi- 
neer of one of Britain’s largest inissile 
project.? said wryly, “If you sf.irt five 
years late, it should not be surprising 
that at any gisen point you arc five 
years behind." 

To back np the hold conversion from 
manned aircraft to guided weapons out- 
lined by Defense Minister Duncan 
Sandys. Britain not only must make up 
those fi\c \e.its but continue to move 
swiftly ahead in the field. 

'I’his is the situation at the moment: 

• W'ind tunnels. Greatly improLcd. But 
the late start in building enough super- 
sonic tunnels still is slowing the pro- 
gram. Inability to get desired tunnel 
time has forced some firms into model 
fliglit testing as a less desirable alterna- 
tive at a co.st of many months of de- 
velopment time. 

• High tcmpcrahirc test facilities. Poor. 
Existing facilities for test of small com- 
ponents arc adequate but lack of large 
equipment to test thcrmodT'uainic 



MISSILE is fueled with high test peroxide at Ministry of Supply’s ^Vbeiporth rouge. 



BRISTOL Aircraft Ltd.’s new lowspeed tun- 
nel is 10 by 12 ft., holds 9-ft. span model. 


effects on structures is one of the big- 
gest problems handicapping the missili' 
program. “If something is not done 
quickly, it could set back development 
of both missiles and high-speed air- 
craft.” one engineer said- 
Tlrc questiun of whether expensiw 
thermodynamic research facilities will 
be built by the gor’cmincnt. by indi'dd- 
ual firms, or by a joint industry effort 
still i.s being argued. 

• Altitude chambers. Good. Industn 
is well equipped in this field, particii 
larly from viewpoint of the acrody- 
namicist. 

• Vibration equipment. Very poor. 

• Centrifuges. Adequate. Situation var- 
ies from company to company but 
there is considerable sharing of ar ailahk 
equipment. 

• Ground climatic test equipment. Ade- 
quate. Again, a question of siraring 
what i.s ar ailable tliroughout tlic indus- 
try. One of the largest mis.sile firms has 

• Engine test facilities. Excellent. 
Britain’s success in the engine field has 
laid the basis for insestment by the in- 
dustry in good facilities for both air- 
breathing and rocket engines. 

• Electronics. Fair. W'itn a few notable 
exceptions, tire Briti.sli aircraft industrr 
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ENGLISH ELECTRIC vibntion table tests component. Pen cecotdings are made of accelet- 
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MISSILE SECTION'S fall, anested by spike penetrating lead block, reproduces boosted 
Bight accelerations. This drop test tower is another English Electric facility. 


has lagged behind the U. S. in iipplic-.i- 
tion of computers and other electronic 
aids to research and development. Gov- 
ernment facilities are better equipped. 
Use of simulators is increasing in missile 
development, Instnimeiitation often is 
not iidranccd enough for research proj- 
ects, particularly in regard to altitude 
sensitivity, 

• Flight test facilities. Good. Range at 
Aberporth on the Welsh coast is well- 
equipped for short-range testing and 
^Voomcra in Australia is an excellent 
long-range facility. The distance to 
Woomera results in irksome but not 
insurmountable difficulties. The re- 
cently-announced range in the New 
Hebrides is not planned for research 
and development testing, but will be 
used by the three military branches for 
scn’ice tc.sting and practice firing of 
operational weapons. 

Economy Called Threat 

Industry spokesmen fear current gov- 
ernment economy measures may hit re- 
search and dcs'clopment sescrch', put- 
ting Britain c\cn ferthcr behind. Thev 
say that while it lias been too soon for 
cuts to show up in the estimates just 
submitted to Parliament, a definite 
threat exists. 

Commenting on savings achieved in 
his new program, Defense Minister 
Sandys said they came in part from 
‘'curtailment of the research and de- 
velopment program.” Edward Boyer, 
director of the Society of British Air- 
craft Constructors, followed this with a 
statement expressing grave inditstrv 
concern. He warned of “disastrous" ef- 
fects on the industry and “peril” to the 
national security. 

Despite individual cutbacks, research 
and development funding has not vet 
suffered on an overall basis. Gosem- 
ment estimates show that the Ministry 
of Supply plans to spend S-}3 million 
more on research and development in 
the 1957-38 fiscal year than it did last 

Not all of this is in the aircraft and 
guided weapons field but it mav be 
assumed that these, together with asso- 
ciated nuclear weapons development, 
make up most of it. Total to be spent 
on research and development of all 
types during the coming year is S576 
million. Tlie figures show that most of 
the increase in spending comes from 
financing of expanding research and de- 
velopment work by industry, rather than 
by government. 

Spurred by economy measures, in- 
dustry’ also is putting more of its own 
money into research and development 
facilities. 

Center of the govcniment’s aero- 
nautical research effort for all three mili- 
tary services is the Royal Aircraft 
Establishment at I'amborotigh. Its sat- 
ellite stations include the missile range 
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at Aberporth, the wind tunnels at Bed- 
ford. rocket propulsion station at West- 
cott, blind landing and annaineut units 
at Martlesliani, and the Larkhill range 
for testing rocket-povvered free flight 
models. 

.\t Spacdani, in the north of Eng- 
Lmd. a sprawling RAE test facility is 
under construction for ground testing 
of large rocket engines, presumably to 
back up the development program for 
ballistic missiles- 

R.AE is charged with ''fostering 
scientific investigation likely to lead to 
.idvancc in all aspects of aeronautics 
ntlicr than tliosc connected with turbine 
engines and radar.” It also is responsi- 
ble for evaluating new designs in air- 
craft. guided weapon.' uiid their cquii)- 
nient. The guided vvc.i|)ons department 
at I'arnborougli. using the large S2.8 
million analog computer. l'RID.\C. is 
carrviiig out much of the advanced re- 
search in the missile field, while the 
establishment's full-seale ctnu|Jmciif for 
slructural research and fatigue testing 
w.is liigliliglitcd hv tlic Comet investi- 
gations. 

Wind Tunnel Complex 

Much of the most import, mt RAE 
work is done in the vviml tinincls at 
Hcclford and I'arnborough. 'llicsc in- 
clude more than 20 timnel.s ranging 
from low-speed through high subsonic 
rnd transonic to small, incdiimi and 
l.irgc supereonie tunnels. There also is 
an advanced vertical spinning tnnnel- 

I'hc large 8 by 8 ft. sii|x;tsonic tunnel 
at Bedford, designed for a speed range 
from zero to Mach 2.7, is one of the 
newest tunnels in Britain. Ait is cit- 
uil.ited bv a 10-stiige axial flow com- 
pressor vviiicli absorbs 80.000 bp. To 
achieve the wall changes necessary for 
a range of air speeds, two of the tunnel 
walls arc flexible steel plates, eacli 62 
ft. long, 8 ft. wide and 1 in. thick. These 
can bo bcivt to tlic required sliapc for 
any given Maclv number by a mnnber 
of bvtlraulicany-opcratcd jacks. 

'Iliis tunnel is supplemented in the 
Mi|x;tsoiiic speed range by inediuin-sizcd 
tunnels ranging up to XIacb 2. These 
include a 12.000 hp.. 5 by 5 ft. tunnel 
at Bedford and a 7,000 hp., 11 by 11 ft, 
timiiel at I'arnborough. The 5 It, 
tunnel is designed for working pres- 
sures from vnciuim up to 15 lb. psi. 
Changes of wall shape to vary the air 
speed ore made by clianging the top 
cover of the working section. Each of 
nine covers is provided with a teak 
liner shaped to give a different Mach 
mnnber. Cliangcs ean be made in 15 
minutes, 

A number of small rcscarcli tunnels 
covering speed ranges up to Mach 5 
have been in use for some years. 

One of the "newer” tunnels at Bed- 
ford is the 8 by 6 ft. transonic tunnel 
operating up to \fach 1.2. It is not 
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icallv iK'w. but was modified from a 
wartime tunnel at a cost of some Sl-7 
million. A transonic working section 
also is available for tlic 3 ft. suiicrsonit 
tunnel. 

Another R.AE tunnel of interest is a 
2 by 11 ft. transonic tunnel, built into 
a bypass connecting the 8 by 6 ft. 
transonic tunnel «ith its compressor. 
A sahe arrangement enables the com- 
pressor to be used as the main drive for 
the bvftiss tunnel when the main tunnel 
is not iit use. This bypass tunnel will 
operate up to Mach. l.d. 

An intermittent tunnel plant at Fam- 
borougli proridcs four small tunnels, 
■llie lirgc.st, 15 by 16 in., is capable of 
short runs up to 20 see. and Mach 4.5. 

The vertical spinning tunnel consists 
of a steel shell 80 ft. high and 45 ft. 


in diameter with a fan and internal 
ducting to provide an ait flow up the 
working section and down a return 
circuit around the edge. Working sec- 
tion is 15 ft. in diameter and can test 
models up to 3 ft. wingspan. Tunnel 
can be pressurized to 43 lbs. psi. Maxi- 
mum airspeed at full pressure is 60 
mph. and at atmospheric pressure, 95 

RAE’s missile test range at Aberporth 
is used for both ground and air launch- 
ings. Industry users describe it as an 
excellent facility. 

Electronic apparatus includes a multi- 
station Doppler system for measuring 
velocity and the usual arraj’ of radar 
tracking gear. A largo section is dc- 
soted to recording of telemeter data. 

All firing is controlled from a main 
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INERTIAL 

NAVIGATION: 

In Its Accuracy Lies Power tor Peace 



U. S. strategy for maintaining peace by making aggression 
unprofitable is based on our ability to deliver a crushing retali- 
atory blow anywhere in the world. Accurate means of directing 
such blows at long range, high speeds and extreme altitudes 
make would-be aggressors wary of breaking the peace. 

To be effective, weapon carriers must know at all times e.xacily 
where they are. For example, the long-range bomber with its 
pinpoint target or the pitching cruiser launching missiles far at 
sea must navigate with great accuracy. 

Solving such problems is the Cask of Inertial Navigation systems 
which furnish all data required aiiiomaiically. Completely self- 
contained within the bomber, ship, submarine or missile, these 
Inertial Navigation systems require no contact with ground sta- 
tions. This is extremely important when military missions must 
be carried on without chance of detection. 

To design and engineer Inertial Navigation systems involves a 
complex combination of engineering skills— gyroscopics. compu- 
tation. electronics, scrvomechanics and more. Their production 
calls for laboratory precision at every stage. For example, the 
gyroscopes which form the heart of Inertial Navigation systems 
must be many times more accurate than those used in commercial 
navigation. 

At Sperry. Inertial Navigation systems arc being produced for 
a wide variety of military applications. 
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operations room. Pilotless drones used 
ill the tests are flown from Llanbcdr 
airfield, about 50 mi. north of Abcr- 
porth. They are passed to the range 
controller after a controlled takeoff. 

I'licrc are some H launcliing ramps, 
three of tlrcm zero-length launchers. 
I'ivc more iauiicliing pads arc under 
construction. Approximate number of 
firings i>er year at Aberportlr is 1,000. 
Personnel strength at the station, which 
coi’crs close to 500 acres on tlic coast 
file miles northeast of Cardigan, is 
about 500. 

(For a complete report on the facility 
at W'ooincra, Australia, used b\’ the 
British for long-range testing, see the 
April 22 issue Aviation Week.) 

Sister establishments to R-Af. in the 
■Ministrs' of Supply include the Aero- 
plane and Armament Experimental Es- 
taljlisbincnt at Boscombe Downs, the 
National Gas Turbine Establishment 
at Pycstock and tlic Roi’al Radar Es- 
tabbsliment at Mahern. 

Boscombe Don ns corresponds to the 
U- S. Air Force Fliglit Test Center at 
Edwards AFB, Calif, ft is responsible 
for cxpcriiiicntal and dcsdopincnt flight 
testing. Its ariiiament responsibilities 
are more similar to the Air Proving 
Ground Command at Eglin AFB. Fla,, 
being designed to prose out entire 
weapon systems. 

Gas Turbine Establishment 

llic National Gas Turbine E.stablisli- 
ment at Pycstock was set up in 1946. 
It lias facilities for rcscarcli work and 
component testing as well as a number 
of comcntional test beds on which 
complete engines can be tested under 
sea IcscI conditions. Tiiere also is a 
facility for altitude testing of ramjets 
and aircraft engines at sii|)Cisonic 
speeds- Presumabls, this can handle 
Mach 3 ramjets to altitudes in the 
ncigliborhood of 1 5 miles. 

One of the larger test lioiiscs at Pic- 
stock incorporates a 1 5,000 lip. steam 


turbine of the axial type, arranged to 
drive at eitiier end so that compressors 
of eitlier rotation may be tested. A 
25.000 bhp. dynamometer is installed 
for use in braking gas turbines. 

Anotlici building contains a number 
of centrally locate compressors that 
disch.irge into 24 in. diameter mains 
feeding compressed air to test cubicles 
along rivo sides of the building. 

Two motor-driven compressors arc 
capable of delivering 60 !b./scc. of air 
at a maximum delivery pressure of 74.8 
lb. psi. An aftcrcooler reduces air tem- 
perature from 250C to 50C. It may 
be bypassed. Iiowcvcr, witli the air be- 
ing furtlier heated by a 1500-k«-. elec- 
tric heater for delivery to test cubicles 
at 400C. 

An air-bleed gas turbine supplies 
smaller quantities of compressed ait 
for special use. 

Radar Establishment 

Tlic Royal Radar Establishment at 
Malve'rn is responsible for the dciclop- 
ment of electronic eqiiipnicnt for the 
tlircc services as well as basic research 
in phvsics and electronics. It was 
fornred in 195} from organizations 
wliicli helped develop Britain’s wartime 

Computers, simulators and experi- 
mental test vehicles arc used for study 
of missile guidance problems. Research 
also is being carried out on electronic 
techniques of dabi storage and liigli- 
si»ccd computation. One of the first 
and fastest digital computers in Brit.iin, 
TREAC. was designed at RRF. 

'Ilic establishment is equipped for 
temperature, pressure, liuinidiri, vibra- 
tion and shock testing. Nmv under 
construction is a large new laboratory 
for research in solid state physics. 

A large part of RRF.’s postwar re- 
search work ill physics has been devoted 
to semiconductors. It is equipped with 
facilities fur low temperature research 
for tlii.s purpose and also is well 
equipped for infrared studies. 

Another government research facility’ 
which proiides useful data to the air- 
craft industry is tlic National Physical 
Laboratory of the Department of Scien- 
tific and Industrial Research (DSIR). 
NPL operates some 14 low-speed and 
.small higli-speed tunnels. Largest of the 
liigli-spccd tunnels is 3 ft. bv I ft. 2 in., 
capable of speeds up to Mach 1.8. A 
2,6 in. bv 1.5 in. continuous tunnel can 
operate up to Macli 4- 

NPL plans to build an additional 
four small tunnels. I’wo are to operate 
up to Mach 4 and another up to Mach 
5. 'Ilic fourth, with an 8 by ^ in. work- 
ing section, would liaic a range from 
Nracli 5 to 10. It would lie driien by 
direct discharge of compressed air to 
vaeuuiii and be fitted with a lioater to 
prevent liquefaction. 

NPL also is proposing two sliock 


What's your 
blower^ 
problem^ 




At Dynamic your needs receive 
the experienced analysis and 
careful recommendations gained 
from over 15 years of research 
end manufacturing experience, 
devoted exclusively to aircraft 
and airborne equipment. In many 
instances the modification of one 
of Dynamie'a 100 proven active 

even months of time and remove 
the uncertainties which enter 

Remember too, Dynamic makes 
the entire unit including the 
motor, so responsibility for 
warranty rests squarely with us 
and Bchedules are met. 



7412 Male Avenue, Us Angeles I, Cslliornia 



AVIATION WEEK, 


3, 1957 







• INTERNATIONAL 

tubes, one with a 6 by 6 in. cross-section 
for studv of supersonic flow and tire 
other with a 20 by 20 in, working sec- 
tion for investigation of hjpersonic flow. 

To overcome tire scrioii!. bottlcnicck 
in tunnel capacity, more than a dozen 
firms in the aircraft industrv banded to- 
gether in 19-49 to fonn the Aircraft Re- 
search Association. Their first objective 
was to meet the need for a large tunnel 
in the transonic range, at the same time 
sharing the cost. 

Contributions of the (sarticipating 
companies were in proportion to their 
interest in the tunnel, A company con- 
tributing one-tenth of the initial and 
running costs acquired a similar propor- 
tion of tunnel time. 

The tunnel, opened last year at Bed- 
ford, cost S-f.2 million. It has a working 
section 9 by 8 ft. which can take a (lo« 
of IJ tons of air per second for opera- 
tion in the Mach 0.6 to 1.5 range. The 
two 20-blade. 20 ft. fans arc driven bv 
a 25.000 hp. motor. 

Three other tunnels ate under con- 
.struction at the .AR.A site— a small tran- 
sonic tunnel with a 9 by S in. working 
section, a Mach 5.4 supersonic tunnel 
nith a 21 by 24 ft, working section, 
and a hypersonic tunnel. 

Bristol Aircraft Facilities 

Many firms also have struck out on 
their own in recent months, building 


not only wind tunnels but other re- 
search facilities- 

Bristol Aircraft Ltd. now has three 
wind tunncls-a 20 by 15 in. supersonic 
tunnel for Mach !.5 to Mach 5.5; an 
S bv 6 ft. low-speed tunnel for 120 
ft./scc. and a 12 by 10 ft. low-speed 
tunnel for 500 ft., 'see. Tht firm also 
owns a onc-fiftli interest in tire ARA 

Bristol's supersonic tunnel is one of 
the largest privately-owned tunnels in 
Britain. Unlike most other supersonic 
units, it is a simple biow-dowm type, 
lliis was dctemiined bv the fact that 
a convenient supply of higli pressure 
air w-as at hand m the company’s tur- 
bine test station- Since the tunnel ex- 
hausts into the atmosphere, hot air is 
employed, saving expensive cooling and 
da'ing installations. 

Newest tunnel at Bristol is the low- 
speed 500 ft-, see. tunnel, wliich can 
take a model of 9 ft- si>an. Bristol found 
it needed tlie tunnel to study low-speed 
characteristics of high-speed aircnift. 

A new higli-altitudc test plant at 
Bristol will make possible free jet test- 
ing for ramjets of any size foreseen at 
present in Britain. When this is com- 
pleted, it will be comparable to tlic 
test cell at the National Gas Turbine 
Establishment and another installation 
going up at Rolls-Royce. 

A new aero-engine test plant at 


Bristol is capable of testing ciigmcs up 
to 25.000 lbs. thrust and. with minor 
modifications, will take engines to 40/- 
000 lbs. thrust, 

De Havilland Gyron Test Bed 

Dc llavilland’b huge Gyron test bed 
is designed to handle engines of up to 
50,000 lbs. thnrst or more. It employs 
an unusual twin intake arrangement for 
a two-stage airflow. The main intake 
at the front of the building provides 
combustion air for the engine as well as 
some air for cooling; a second intake on 
the roof provides an additional mass of 
air for cooling, drawn in by the velocity 
of the exhaust gases. 

Dc Havilland operates a Mach 1 to 
Mach 1.6 transonic tunnel with a 2 by 
2 ft. working section, as well as a 9 by 
7 ft. low-speed tunnel. 

Rolls-Royce Altitude Facility 

Rolls-Rovce is investing Sll million 
in a high-altitude test facility for gas 
turbine engines. Full-scale testing is to 
begin at this 154-acte cstablishincnt 
next January'. There will be two high- 
altitude test chambers, one for turbo- 
jets and the otirer for both turbojets 
and turboprops. 

The company says these are designed 
to test the most powerful engines pro- 
jected- The chambers will be some 75 
ft. long and 12 ft., 6 in. in internal 
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diameter. In addition to the main en- 
gine test cells, tlicre will be a .Madi 4 
wind tunnel- When cam|3leted. this 
will be the unis privatciv-owned higis- 
altitude aero-engine test facility in the 
Common wcalth- 
English Electric Tunnels 

English Electric Co. is spending 
nearly SI million to build two new 
supersonic wind tunnels. A Mach 4 
tunnel for the aircraft division will have 
a 4 by 4 ft. working section and a Mach 
6 tunnel for the guided weapons divi- 
sion will have an 18 by 18 in. .section. 
'Ilic tunnels, to be in operation in 1958. 
will be the intermittent blow-down 
tspe, operating from a common com- 
pressed air supply. 

Ilic cnnipanv also has one low-speed 
and two transonic tunnels. One of 
these, which started operation in 1950. 
was tlio first tiaiisonie tunnel in Britain. 
Short, Vickers-Armstrongs 

\ i.kuv.\iiiistnings carries out :e- 
scartii and develiipmeiit work in tlircc 
low-speed and one subsonic tuimcl, in 
addition to cmploving such facilities as 
an altitude chamber for testing airframe 
components at heights up to 80,000 ft. 

Short Brothers & llarlaiid last year 
began test.s with a transonic tunnel op- 
erating up to Mach 1.2. The firm also 
operates a low-speed tunnel and is in- 
stalling an elaborate ground test facilitv. 

One of the industry’s newest cen- 
trifuges is installed at Napier. It can 
impose alternate positive and negative 
acceleration load.s as high as 100 Gs. 
National Phy sie.il Laboratory lias a cen- 
trifuge of 50 ft. radius capable of 100 
ft. see. ciraimfcrcntial speed. 

Hawker Siddeley Group 
Some of tire most extensive research 
aiul development facilities in Britain 
arc to be found in tlic Hawker Siddeley 
Group; 

• Armstrong 55’hitworth Aircraft is 
spending 82.8 imllinu to establish a 
fiilly-cquipiwd aircraft and guided mis- 
sile rcscatcii and design center at Whit- 
ley. near Coventry. 'Hie companv last 
year opened a 10.000 hp. Mach 5 wind 
tunnel at Whitlcv. where it also oper- 
ates transonic and low-speed tunnels. 

• Arnislrong Siddelcy’s facilitv for re- 
search and development work on gas 
turbines and rocket motors is near com- 
pletion. 

• Hawker Aircraft is carrying out the 
biggest expansion and' rebuilding 
scheme in the 47-year history of the 
company, spending well over 85 million 
to expand rcscareli facilities. 

• Avro is completing one of the few 

Facilities in Britain for the studv of 
thermodynamic problein.s, Tlic firm also 
has added a Af,icli 5-5 iiitcrmittcnt 
wind tunnel to its low-speed and tran- 
sonic tunnels. ■ 
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PLUG-IN VALVE CUTS 
SERVICE TIME BY 95% 


Because of its unique design, the Whittaker 
plug-ln valve can be removed from an undrained 
tank, thereby eliminating fire hazard and the 
necessity of isolating the aircraft. 

Also, the complete actuator assembly can be 
removed or replaced without disturbing any por- 
tion of the mechanism. 

The secret of this new piug-in vaive is a sec- 
ondary seal incorporated within the unit— used 
only when the valve is removed and replaced. 
A partial turn on removal is all that is necessary 
to slide the seal into place in the housing. On 
installation, a reverse turn releases the seal and 
re-opens the line. 

PERFORMANCE 

TEMPERATURE. Ambient. -65“ F to +275“ F 
Fluid, -65' F to +135“ F 
ELECTRICAL POWER. 

115 volts 400 cycle single phase AC 
PRESSURE. Rated operating pressure 60 PSI. 

Max. internet leakage 10 DPM at 
60 PSI 

PORTS. Per AND-10050-16. 

Wm. R, Whittaker Co., Ltd., 915 N. Citrus Ave., 
Los Angeles 38, Calif. 
Hemostsad, Long Island 
Indianapolis 




Wm. R. WhitUkerCo., Ltd. Oept.356 

91S N. Citrus Avenue • Los Angeles 38, Calif. 

Gentlemen: Please send me further information on the 
Whittaker Plug-in Type Rotary Shut-Off Valve, P/N 130035 


I Company 

I Address 

I City Zone State, 
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Germany’s Air Research Revitalized 


By David A. Andetton 

Aachen, Germany— Aeronautical research and development in Germany, 
brought to a shuddering halt by the end of the war just twelve years ago, 
is on the upswing under the leadership of one of the pioneering air research 
organizations, the Deutsche Versirchsanstalt Firct Luftfahrt (DVL). 

Reorganized trro scars ago. DVL 


isiblc for the major share of Ger- 
m.inr's research contrihiitions to West- 
ern air elcrclopmcnt. It now is scat- 
tered over six locations wifliin tlic 
West German Republic, but hopes to 
concentrate the major part of its aefivi- 

midet construction at Lsscn-Muclhcim. 

Kstimated total cost of the new 
facilities is 60 million Deutschmarks 
l.ipproximatch- SH million) spent for 
new constrnctian and equipment over 
the next fir e years. With the new aero- 
nautical center completed, DVL fore- 
sees an annual operating bndget on tlic 
order of tiircc million dollars and si 
personnel roster of about 1.000, ap- 
proxiniatclr half of its wartime peak 

Biggest task now facing DVL is its 
reorganization and rc-estahlishment of 
its roots in buildings and facilities of 
some pennanenec. D\'L's wartime 
home was Berlin. 

Its facilities there went up in smoke 
or out in Russian trucks and its scien- 
tists fled in many directions. Today 
there is a small nucleus of the warEime 
group left— for example, sesen of the 
wartime chiefs of DVL arc here at 
.Aachen— but the majority of the scien- 
tists are of the next generation that 
spent the war years in other actisih’. 

Typical of DVL's research activity 
arc tnesc examples that hare excited 
considerable interest abroad: 

• Pressure distribution surveys have 
been made on compressor and turbine 
blades using an elaborate ssstem dc- 
s ised here. The blades base se\en sur- 
scy stations along their span and at 
each station there are 20 pressure taps, 
for a total of 140 points pci blade. 
Pressures data is transmitted out to re- 
cording equipment. Ciiirenfh’ the 
studies arc concerned with steady state 
conditions, but will be extended in the 
future to corer such transient phe- 
nomena as the rotating stall. 

• Efficiency of a supersonic two-shock 
diffuser of the ts pc de\ eloped bv DVL's 
Klans Oswatitsch during the latter 
years of the war has been increased 
measurably by the addition of a cowl- 
ing alicad of the inlet. Tliis cowling, 
which extends upstream of tire central 
vpike in the diffuser generates a conical 
w-ave front which intersects the conical 
ware front off the nose spike. gap 
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between the cowling and the normal 
inlet of the diffuser acts as a regulator 
of mass flow by making spill of tire c.x- 
cess flow possible. Plots of pressure re- 
covery against flow ratio show a ncarlv 
flat cunc for the cowled inlet, con- 
trasting sliarply to the peaked icemery 
eunc for a standard spiked inlet. The 
diffuser also operates without buzzing. 

DVL's current facilities arc fesv. 
Here at .\achcn there is a supcTSonic 
wind tunnel of the blowdown ty pe, op- 
erating from a 120 hp. compressor rig 
and using a heat exchange to raise the 
,iir temperature ahead of the test sec- 

'litis tunnel has nozzles for Mach 3 
and Mach 6 and a maximum duration 
of sO seconds per run. Compressor ca- 
[Mcitr limits the runs to two per dav. 

.M Esscn-Muclhcim there is a strnc- 
turcs laboratory with a large test area 
about 200 by 100 ft. capable of static 
testing a struchire as large as the wing 
of a Loekliced Supcr-Cnn.stcllation, 
-Mso at Essen is tlic airport wlicrc now 
DVL works in connection with the 
German Ministn-. doing technical cal- 
culations and other associated work for 
the certification of new aircraft. 

Plans for future facilities include con- 
struction of a 10-ft. throat transonic 
wind tunnel, a series of test stands for 
jet engines of all types, and the con- 


struction and equipping of laboratories 
for avionics, materials, fuels and lubri- 
cants, control and .steering techniques 
and aviation medicine. 

DVL is a private organization laid 
init along the lines of corporate struc- 
ture. Its financial support, because of 
the present state of the German aircraft 
industry, comes mostlv from gosenr- 
nicntal agencies. 

Heading the organization chart is a 
long list of cooperating agencies and in- 
disiduals. both in pris-atc and public 

Actual direction of the DVL be- 
gins at the next Icsel with a surscy 
board composed of representatives of 
Gcnnan indusfrs, governmental and 
educational institiitians. Below that 
group is a five-man administrative group 
that provides direct supervision of the 
rcscatcli programs. 

T here are four institutes within the 
framework of DVL: 

• Airframe, which includes applied gas 
dynamics, theoretical gas dniamics. 
turbulence research, flight mcclianics 
and structures. 

• Powerplant, which includes thermo- 
dynamics and combustion jet engines, 
powerplant dynamics and fuels and 
lubricants- 

• Materials section located at Aachen, 
which works on problems common to 
both powerplant and airframe regimes 
and is therefore carried on the organ- 
ization chart as common to both. 

• Avionics, which includes microwave 
techniques and flight communications. 

• Special problems, which includes 

flight medicine, steering and control, 
and documentation. ■ 


Italian Research Is Specialized 


; making 


which Italian researchers 
major contributions to 
scarclt and development. 

Current studies in these areas are 
being financed in part bv the Brussels 
office of the .Air and Research and 
nevelopment Conrmand. 

These highly specialized scientific 
disciplines are indicative of the kinds 
of European research being conducted 
at universities and technical institutes 
on the continent. 

Italian rcscarclr in aemnauties fol- 
lows the traditional dual path, where 
basic problems arc studied in universi- 
ties and applied research is generally 
the task of industry. University re- 
search in the field of aircraft and pro- 


pulsion is done piedominaiitiv in the 
aeronautical engineering schools of 
three universities, Rome, Milan and 
Turin. Each of these schools has di- 
visions with specialized tasks of 
instruction and research, althougli tlic 
major amount of effort and manpower 
is expended in teaching rather than 
in problem-solving. 

Giant in industrial aeronautical re- 
search and dcvclopnicnt is Fiat S.P..V, 

equipped with an outstanding series 
of mechanical, pliysical and chemical 
laboratories. Structures Inboratory— 
where now the charred and bent body 
of the prototvpe Fiat G91 is reas- 
sembled on wooden props— has several 
strongback setups for stnictural tests 
of complete aircraft. ■ 
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FLOW MFASIJRFMFNT 


THROUGHOUT THE AIRCRAFT INDUSTRY, bearingless PotUrmeters are delivering 
accurate flow data during testing of aircraft, engines, rocket motors, and hydraulic 
systems. 

LINEARITY WITHIN over an exceptionally wide range, as well as long life in 
difficult service, is obtained through hydraulic positioning of the unique "floating 
rotor”. This patented design feature, found only in the Pottermeter. completely 
thrust friction and does away with inaccuracy and maintenance prob- 
to bearing wear. 

APPLICATIONS include recipsocating, jet and rocket engine test cells and 
flight test work. Pottermeters are also in wide use in handling aircraft and 
rocket fuels, acids, liquefied gases and abrasive suspension.s. 

WRITE for bvUotin S-l giving a complete description and performance data. 



DEUTAVIEX interceptor in opcn<lrcuit tunnel. Built bj- old Quest Aviation, it uses supercirculntioii for liigli lift. 



French Research Now Leads Industry 


Paris— French research and develop- 
ment in aviation, sometimes ham- 
pered since the end of the war by 
mistakes, lack of funds and a lack of 
interest among government officials, 
now is keeping well ahead of indus- 
try’s demands. 

Postwar a\iation acliicvcnicnts in- 
clude Mach 2-plus rocket powered and 
ramjet powered fighter prototypes as 
well as the rivin-jet Caravclle transport. 
Although the French research and de- 
velopment effort still is lacking in funds, 
it is efficient and alert. 

ONERA It Key Agency 

Biggest portion of France's research 
and development work is carried out 
by the Office Nationalc d'Etucles ct 
de Rccherchcs .Acronautiques, located 
at Chatillon on the outskirts of Paris. 

Dircctor of ONKRA is Maurice Roy. 

ONERA was created in 19-16 to sup- 
port industry’s needs in tlic research 
and deselopment fields. -Althoiigli most 
companies maintain important rcseatcli 
bureaus and ei’cn operate some facili- 
ties, ONER.A docs the bulk of the 
investigating. ONERr\'s ptognim is 
closely conttollcd bv the Direction 
Technique et Industricllc dc I'Aeronau- 
tique, wliich is a branch of the I'rench 
Air Ministry, 

ONERA operates 15 wind funnels, 
the most important in Europe, and 
now is building four more. It employs 


about 2,000, including 500 research en- 
gineers. 

In addition to the efforts of indi- 
I'idual aiiation firms and ONERA, a 
great deal of research is done by uni- 
versities— sonre of it pure research, but 
much of it also on contracts from com- 


panies or from the goicrnnieut. 

Important rcscatcli on the Caravclle 
design, for example, was done by tire 
Instituc d'AcrotccIrniquc dc Saint-Cyr, 
an organization which dates back to 
1909. 

Almost all guided missile research in 
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flight jimulato.r^^ 
reduce the risks 




The hazards of missile testing can be materially lowered 
when performance is checked out on-the-ground with 
a Bendix 3-diraensional Flight Systems Simulator, prior 
to take-oR. Comprised of two basic units— a flight table 
and an electronic analog computer— the BENDix-built 
Flight Simulator will foretell complete operating programs 
from launching pad to target, for rockets, ballistic and 
guided missiles and jet aircraft. It catches bugs without 
expensive trial flights, materially reduces guesswork and 
adds a valuable safety factor at both ends of the test 
shot. For complete technical data, mail the coupon. 





BENDIX COMPUTER DtVISIOH-BENDIX AVIATION CORPORATION 
S630 ARBOR VITAE STREET, LOS ANGELES 45, CALIFORNIA 
□ Please mall me Inlormalhn on The Flight Systems Simulator. 


COMPANY. 


320 


• INTERNATIONAL 


France is carried out by the Laboratoiic 
clc Rechctclies Ballistiques ct Acrody- 
namiques at Vernon. It is an agency 
of the I'tcnch Defense Department, 
and very little information on missile 
work is released. 

The Labotatoire operates all its own 
testing facilities, including four wind 
Uimicls, one of which operates over a 
speed range up to Mach 6. 

Five Modane Tunnels 

Showplace of French aeronautical re- 
search is ONERA’s establishment at 
Modanc-Avrieux in the French Alps. 
ONERA's Aero and Thermodynamic 
Testing Establishment lias been oper- 
ating a 110,000 hp. tunnel, designated 
SiMA for three years, and four other 
timriels are under construction. 

The SiM.A w'.is made transonic 
in 1955. \Vorking section is 8 meters 
in diameter and air flow can be made 
r isible.. Example of the kind of prac- 
tical testing that can be done is the 
jettisoning of cockpit canopies in air 
speeds of 500 mph. 

A 60,000 hp. continuous flow super- 
sonic tunnel, designated S,M,S now is 
being built. In 1958, three other eco- 
nomical supersonic tunnels of the inter- 
mittent h'pc rvil! come into setrice. 
They are designated Tl, T2 and TI 
and when they ate completed thc\' 
will provide facilities for testing o\’cr a 
range from Mach 0.9 to \fach 5. 
Visualizotion Techniques 

In visualization of airflow as well as 
in interpretation of acrodr-iianiic phe- 
nomena. ONERA has done new work 
ill the use of stroboscopes for the obser- 
vation of shock waves; viscous fluid for 
shmving up zones of disturbance: and 
studies on the breakup of airflow and 
flow ter crsal on model surfaces. 

In its hydrodynamic tunnel ON'ER.\ 
has used colored jets to lielp in the 
visualization of surface flow, 

ONER.A claims to have achieved con- 
siderable success with boundatv laser 
control work and "pneumatic piloting," 
a form of circulation control that nright 
do away with ailerons and other mar- 
able control surfaces. 

The agency has been using a Breguct 
Vultur 960-01 for the tests. This air- 
craft, a forerunner of Bregiict's 1050 
anti-submarine carrier plane, is porvered 
l)v a Ilispano-Suiza Nenc turbojet 
which has been adapted to blow com- 
pressed ait through injectors to control 
the boundary layer on the flaps. 

For the past three years emphasis has 
been on finding methods for controlling 
and activating the circirlation and air- 
flow over a rving bv the projection of 
jets of air at the trailing edge. 

Carried into the supersonic regions, 
this “pneumatic piloting” may some- 
day eliminate ordinary control surfacc.s, 
ONERA beliescs. ■ 


HOW 
SMOOTH 
CAN YOU 
GET ? 


Select the new Lyndon non-friction, 
non-hydraulic damper and you’ll 
select the ultimate available for pro- 
tection against all undesirable outside 
forces. 

Through utilization of the self- 
contained eddy current principle, the 
Lyndon damper permits use of any 
variable or constant flow of linear or 
rotary force in the smoothest, most 
trouble-free manner yet devised. 

Created specifically to fulfill the need 
for a more reliable damper with opti- 
mum linear relationship, Lyndon’s 
damper is thoroughly field tested, is 
unaffected by operating temperatures 
from-IOO*F. to-i-300°E. and is quali- 
fied in accordance with specification 
MIL-E-5272A. 



'Write direct for bulletin 823. 


LYNDON 


AIRCRAFT, inc. 

140-A CLIFFORD STREET. NEWARK, NEW JERSEY 
A tybtHiary of SCOVILL MANUFACTURING COMPANY 

CALIFORNIA: R M. BRUNSON * ASSOCIATES 


NEW JERSEY: LYNDON AIRCRAFT. INC. 
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I H[-ShearHRivet Tool Company 
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Applications up to 1600° P. 


The Hi-ToBQUE Bolt is a precision fastener resulting from 
intensive research and development by Hi-Shear Rivet Tool 
Company Engineers. Comprehensive environmental tests in a 
full range of sizes and materials have been accomplished on 
Hi-Torque Bolts to insure use in specific aircraft and missiles. 

This fastener combines simplicity of design with superior 
strength and endurance, and features high driving torques, 
high tensile strength and high fatigue life. 


Hi-ToRQUE Bolts ate only one in a family of fasteners being 
produced by the Hi-Shear Rivet Tool Company. Research 
and development in Hi-Shear laboratories will continue to 
provide fine fasteners for use under all conditions. 


rivet 
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:E, CALIFORNIA 
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Individuals Spark Swiss Air Research 


Geneva— Natural curiosity of a liandtul of scientists accounts for the 
major share of aeronautical research in Switzerland. 

These men, Eidgcnossischc Tcclmisclre Uochsclmlc (FTH). also direct 
the research work of the Institute associated with KTH- 

The dozen or so seiuitists at KTH thus serve the dual purpose of 


teaching and practicing research. They i 
Rest of the research group is likely to be 
in science. 

Dam of the group, and one of tiie 
top aeronautical scientists of the world, 
is Prof. Dr. J. .\ckeret, whose specialty 
has traditioirally been the exploration 
of subjects which are likely to become 
problems in tiic next decade of aero- 
nautical development, 

In recent years bis interest has been 
turned to thrust reversers for jet en- 

^ His latest idea along tli.it line uses 
a swirler in the center of the jet to 
spin the exhaust blast. Centrifugal 
force generated by the sjjin spreads 
the blast and it impinges on annular 
sancs which turn it. When not in use, 
the reverscr i' far enough away friini 
the jet exhaust to produce no effect 
on the engine. 

Working parallel to .\ckeret’s Insti- 
tute tor Aerodvnamics is tlic Institute 
for .\itframe .Sfaties and Construction, 


assisted by sniall pcimaneiit staffs, 
made up of candidates for doctorates 

headed by I’rot. Dr. .\hinlrcd Raiischer, 
fiumcrlv uf Massachusetts Institute of 
leehnnlogy. 

In .idelit'ion to this, tlic group-as in 
tliC other iiistitiitcs-does eonsulting 
work for the hederal .Aitcreft Factory 
at Knuneii. and before the war de- 
veloped an STOI. airplane called the 
I’cliikan. Krauscher has two Ameri- 
caiis-Bisplinglioff of MIT' and lloubolt 
of NACA-working on doctorate thesis 
in his institute. 

Strongest tradition of fatigue research 
-extending over the pist twenty to 
tliirlv rears— is at the Kidg. .Mstcrisl- 
pnitfungsimd Vcrsuchsanit, another 
Swiss fcdcr.il agency that correspinds 
in some extent to the U. S. Bureau of 
Shindards. 

lairgest of the industrial researdi and 
develi)|nneiit organizations in aviation is 
that mainfaiiied hv the Flidg. ITngzciig- 


uerk Emincn (Federal .Aircraft Fac- 
tory at Emmonl. Even though most 
of the limited amount of Swiss aircraft 
priKliiction is done under its order at 
other locations, Kinnieii accounts for 
,> great part of the research and devel- 
opment aimed at getting the ansners to 
specific questions on derelopincnt air- 
craft. 

T'hc company’s wind tunnels covet 
the speed range from zero to 2,800 
mpli. 

Subsonic tunnels operate at speeds 
below 180 mph- lairger of the two 
has a test section about 21 by 16 ft. 
Sizc of the .smaller is about 8 by 6 feet. 
The transonic tunnel covers the speed 
range from Mach 0-5 to 1.2. T'est sec- 
tion size is about 2 feet hv 1.6 feet. 
I’rmcrplant for Ihe transonic timncl is 
,1 iwir of Rolls-Royce Nenc turbojets. 

Eleven bv 11-in. supersonic wind 
tunnel has a speed range from Mach 
1,5 to 1.8. Jet engine test stand can 
handle engines under sea level condi- 
tions up to an air capacity of about 
‘JO lb. per sec. with ram air at about 
150 mph.; with smaller air capacity of 
about seven pounds. .Altitude capabil- 
ity of plant c-an be raised to about 
16,000 ft. ■ 


AVIONS 

BREGUET 1100 


LIGHT WEIGHT 
TACTICAL 
FIGHTER 


S.A. des ATELIERS d'AVIATlOH LOUIS BREGUET - 24, rue Georges-Biiel ■ PARiS-U* - FRANCE 
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ENGINEERS and SCIENTISTS 


WHY there are so many NEW opportunities 
in Nuclear Flight Propulsion with 
GENERAL ELECTRIC 



when ihe first turbojet to be exclueisely powered by heat 
Reactor Testing Station in Idaho. 

Both engine and reactor were developed by C.E. for the 
Atomic Energy Commission and the U.S. Air Force. 


operation. 


... fiooe you a lot of nuc/eor exporimcet 
... a liUfe nucfeor experience? 


Thermodynamics 
Stress and Weight Analysis 
Heat Transfer 
Fluid Flow 
Shield Design 
Remote Handling 
Reactor Design & Structures 
Turbojet Applications 
Environmental Testing 
Controls 


Instru mentation 
Cycle Analysis 
Applied Mathematics 
Digital and Analog Computer 
Theoretical Physics 
Metallurgy 
Physical Chemistry 

Reactor Analysis 


Facilities Design for nuclear research and testing 


^ucleonic background or not, there are many advanced 
aasignmenu open today at G.EL where an ME. EE, AE, 
Mathematician or Physicist can apply his conventional 
akills cffeciively-and at once. Knowledge of nuclear as- 
pects of his work will be provided through consulution 
with G.E, specialists, through in-planl seminars and grad- 
uate study (leading to M.S. or PhD.) on a 100% TuiUoa 
Refund Han. 


prise of putting the first nueUar'powered plane into the 
air, write to GS. in confidence today. 

Mr. J. B. Rosselot • P.O. Box 132 • Cincinnati. Ohio 
Mr. L S. Munther • P.O. Box 535 • Idaho Falls, Idaho 
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AGARD Is Research Data Exchange 



Paris— ACJARD is a study in the coimnunication of aeronautical tcseatch. 
It osvns no facilities, operates no wind tunnels, flics no airplanes. Yet through 
its efforts tlic member nations of NATO have benefited to an indefinable 
extent tlirough the mutual exchange of research information. 

During its five-year life, AGARD has 


been responsible for the widest variety 
uf tasks. A special panel evaluated the 
competing designs of three light fight- 
ers planned around a SHAPE specifica- 


espeiises uf meetings and the publica- 
tion program. 

Dollar for dollar, AGARD probably 
is tbe source of the biggest return of 
any NATO investment. 

Elected chairman of the organization 
i-- ITr. Theodore \'on Katinan, whose 
name alone is a guarantee of scientific 
responsibility and respectability. But 
everyone who knows von Karman 
' • also that he is mote than a fig- 


Members of the secretariat interested 
Turkey in operational research tech- 
niques to enable them to make better 
use of their defense forces. 

Because of AGARD, Greece has an 
altitude chamber for pilot selection, 

Norway has better solid propellants for utehead. 
rockets, and Italy knows mote about flis first contribution 
titanium. .A monumental treatise on 
flight testing in four volumes and 2,000 
pages was prepared by an AGARD 
panel to aid NATO flight test engineers 
in their planning of programs. 

Perhaps most remarkable is the fact 
that this work has been done with only 


AGARD was 
delineation of the major areas where 
the organization could make specific 
contributions. This was not an easy 
task because tlie areas staked out for re- 
scarch had to be those where research 
was needed and yet where the results 
uf tiiat research could be freely 


from NATO countries who serve on 
one of AG.ARD’s six panels. 

AGARD stands as an outstanding ex- 
ample of the importance of knowing 
where and what kind of aeronautical re- 
search is being done, and the fastest way 
to communicate the results of that work 

AGARD'S Main Objectives 

.\GARD, which stands for Advisory 
Group for Aeronautical Research and 
Development, is a part of the North 
.Atlantic Treaty O^anization, under 
Ihe Standing Group of the Military 
Committee. Its original charter sug- 
gested four major objectives: 

• Continuous review of the possible ap- 
plications of advances in aeronautical 
science to common defense problems. 

• Recommendations for improved coop- 
eration in aeronautical research and dc- 
\elopment among the niembcT niilions 
of NATO. 

• Recommendations tor the solution 
of problems referred to AGARD by 
N.A*TO agencies, including eL-aluatioiis 
of specific rese.irch and development 
projects. 

• Exploration of methods for iniproL- 
ing the exchange of information about 
aeronautical research and dcLelopnicnt. 

Supported logisfically by the United 
States .Air Force during the first ts\o 
vears of its existence, AG.ARD now is 
funded from NATO's budget. .Annual 
operating budget is 100 million fraiics- 
Icss than $290,000— and out of this 
small amount comes the salaries of the 
secretariat, consultant fees, travel, the 


Six Panels Monitor Research 

lliere are, as a result of the original 
meeting of the AGARD group and von 
Katnian's thoughts, six panels of the 
organization— Aeromedical, Combustion 
olid Propulsion, Documentation. PTiglit 
Test, Structures and Wind Tunnel. 

Kacli is headed by .i chairman and a 
deputy chainnan chosen from the dele- 
gates of the NATO countries to 
•AGARD. Under tlie chairman level is 
an executii’C, stationed in Paris as a 
member of the Secretariat. Panel 


under 20 delegates 


betship 1 
per panel. 

Main job of tlic panels is not neces- 
sirily to do the spwific work needed, 

SUPERSONIC wind tunnel Jt ACAKO's acr< 


but to know where that work is being 
dnne, or to stimulate someone to do 
tlic work. TTius AGARD is not of it- 
self a research organization, but rather 
a supcrcootdiiiator of scientific research 
•iiid deielopmcnt. 

Examples of AGARD's Work 

An outstanding example of the way 
a panel works is the case of the flight 
test manuals, prepared under the aegis 
of the Flight 'Test Panel. The first vol- 
ume of the four is dei’oted to perform- 
ance of airplane.i in flight, and was 
written by more than 20 leading flight 
test pilots and engineers of the NATO 
nations. 

Their chapters coveted everything in 
the field of performance, test tech- 
niques, data reduction methods and 
methods for fliglit test analysis. In a 
like manner, aircraft stability and con- 
trol was tlioroughly dealt with in the 
second volume. 

Perhaps the most unusual of tlie vol- 
umes is the third, which is a catalog of 
flight test instrumentation that has been 
used successfully by engineers and pilots 
of the NATO countries. Instrumenta- 
tion included here is not confined 
merely to commercially available, off- 
the-shelf items. Listings include one-of- 
a-kind gadgets built to solve a specific 
problem in the Netherlands or France 
or the United States. 

Cost data, availability of drawings 
and the like are given as part of the 
catalog information, and the whole 
book is sectionalized by the functions 
of the instruments. If a flight test en- 
gineer wants a stick-force indicator, 
that is the subject heading he looks 
for in the manual. 

Fourth volume in the series is de- 
Loted to instrumentation systems, cate- 
gorized by type of data desired. ■ 
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Japan Gradually Reentering Air Age 


Rv Dan Kur/.iiiai> 

Tokyo— Japan, whose air force, aircraft industry, and air-niindcdness 
r’anislicd in the wake of Ilirosliinia, is gradually reentering the air age. 

It is experimenting with basic missiles, drawing up transport aircraft 
designs, and planning to produce shortly Japan’s first post-war jet plane— 
a light trainer. 


But progress in aeronautical re- 
search and deselopmcnt must be made 
in defiance of many obstacles; 

• A lack of top-rate technicians due to 
the long post-war absence of an ait- 
craft industry and a general psycho- 
logical aversion to all things associated 
with airpower. 

• Low demand for aircraft, with the 
Japan Air Self-Defense Lotce and 
Japan Ait Lines still in their infancy 
and private organizations and indi- 
viduals buying cheaper foreign planes. 

• The poor financial conditions of 
Japan's resurreeted aircraft companies, 
which haven’t the capital to put into 
large-scale tesearcJi and dcielopment. 

Nescrthcless, Japan’s plane makers 
arc optimistic about the future. 'Hicy 
bclicie tlie people will gradiiailv de- 
velop a new interest in aeronautics that 
will cleat awav these obstacles and ac- 
celerate growth of the nation’s aircraft 
industry. 

At present, six private companies, 
five government institutes, and four 
iinhersitics arc laying the groundwork 
for such advancement. 

Fuji Heavy Industries 

Tiiis company is now preparing for 
production of post-war Japan’s first 
domestically designed jet plane— the 
’I'lFl light jet trainer (wt. J.JOOkg.). 
Three models— two prototype and one 
proof-test— will be built for the Japan 
Air Self-Defense Force. First proto- 
type is scliedulcd for flight testing be- 
fore the end of 1957. 

First engine will be a British Bristol 


.-\ircraft Otphciis Mk. 1 engine which 
will permit a thrust of 2,600 lb. Later 
it will be replaced with a Japanese 
design now being dcselopcd by the 
Japan Jet Engine Co. 

Under the Defense Agency contract. 
”0 inillinn yen (approximately 5925,- 
000) will be spent on production of the 
three planes, including part of the cost 
of research and development. With 
Fuji's share of the cost added, 200 mil- 
lion yen in all will have been spent 
purely on study and experimentation 
from last summer to the end of 1958. 

About 450 million ven is budgeted 
for new facilities for this dcsclopraent 
from last September to next .Augiist. 
This includes cost of inachincs for 
quality control and production and of 
construction of a 93,000 sq. ft. factory 
and a 17,000 sq. ft. building to house 
.1 new engineering depattment. .Another 
400 million yen will be spent on new 
machines and facilities when mass pro- 
duction starts in late 1959. 

Kawasaki Aircraft 

In the next fire years, this firm will 
spend one billion yen on aeronautical 
research and deselopmcnt, 940 million 
yen on nesv facilities. Emphasis is on 
rocket deselopmcnt. Kasvasaki success- 
fully tested a KAM-1 aircraft-type mis- 
sile in May, 1956. Purpose' was to 
develop a solid propellant booster, per- 
mit study of 3 zero length launcher, and 
determine stabilits- of the missile after 
start of flight. 

Span and length of the missile: 3 ft.: 
thrust, 60 kg.; duration of flight, 1.5 



'Cv.; maximum speed. 40 meters per 
'ce. It has a rocket booster engine and 
carries a self-recording instrument to 
obtain acceleration and pitching angii- 

more advanced aircr.ift-tspe tockcl 

the T.M-B— will be tested in Septeni 
ber, svitli attention centered on the 
aileron buzz at supersonic speed, tele- 
metering, aerodynamic clasticitv, and 
maneuverability and stability. Dimen- 
sions arc; length 2 meters; span. 1 
meter; weight. 50 kg.; speed, Mach 
1.0; duration. 3 see.; thrust 500 kg. A 
10 kg. solid propellant outer surface 
burning engine is now being developed 
by Kawasaki for use in the rocket- This 
engine, which will luivc a double base 
of nitrocellulose and nitroglycerin, will 
be completed in about four years. 

Research on a system of homing and 
guidance will start shorth after the Sqi- 
tember test if it is succasful. 

Kawasaki also has been conducting 
aerodynamic research on a one meter- 
long anti-tank guided mivsile for the 
Defense Agency since last fall. Six 
other companies, including Fuji Preci- 
sion Machinery, Mitsubishi Electric, 
and Nippon Electric, arc involved in 
the project. It is hoped that comple- 
tion will come in two years. Paper re- 
search is finished and actual experi- 
mentation now is in progress. 

Aircraft rescarcli is in a more basic 
stage than missile study. Designs of a 
supersonic jet fighter now arc being 
drawn up. with something like an im- 
proved F-104 in mind. Experimenta- 
tion is exited to begin next year. 

Research facilities to be set up this 
year will include testing and measuring 
equipment for tlie missiles and a liquid 
rocket motor. 

Mitsubishi Heavy Industries 

This concern is spending 12.4 mil- 
lion yen from April 1956 to August 
1957 on rocket research and develop- 
ment and more than 30 million yen 
on study of new aircraft in 1957. 

About 2.4 million yen is being spent 
on the TMB-O missile. It uses a com- 
mand guidance system, has a range of 
three kilometers, can climb to 350 
mctcr.s with a speed of Mach 0-4. The 
I.S-meter bodv has a oiic-meter wing 
and is propelled by a solid-propcllaiit 
engine. The TMB-O will be used for 
the study of techniques and devices of 
homing and radar control. 

I'’irst flight test of thi.s rocket failed 
recently, believed due to a faulty cata- 
pult. but a second test will be held 

Ten million yen is being devoted to 
dci-clopmciit of the TMA-1 test air-to- 
air guided missile, which is scheduled 
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to be test-fired this summer. It is com- 
posed of a nose part 1.8 meters long, 
40 kg. in weight, and 150 mm. in 
diameter, and a tail part 1.3 meters 
long and 70 kg. in weight. Maximum 
speed is Mach 1.6. 

Mitsubishi also has started designing 
a supersonic jet fighter, with paper work 
expected to continue througli 1959, 
manufacture of a prototype scheduled 
for 1960-61, and actual production 
time-tabled for 1961-63. Its maximum 
speed will probably be Mach 2-3. 

New research and development facili- 
ties include a small wind tunnel with 
a diameter of two meters and a maxi- 
mum speed of lOf) meters per second 
to test the TMA-1 . 



Shimneiwa 

This firni has spent 15 million yen 
in the last year and a half and will 
spend another 15 to 20 million yen 
in Fiscal 1957 for research on a short- 
range transport plane (50-500 miles). 
Sixty per cent of the preliminary de- 
sign is completed. 

T'hc aircraft will base turboprop en- 
gines, though it has not been decided 
yet whether it will have two or four- 
Gross weight will range from 15 to 25 
tons, capacity load from 30 to 50 p.is- 
sengers. The plane will have liigh 
wings and will be equipped with ;i 
special high lift device, .'\tetal bond- 
ing will be used for the structure. 

Shiiimeiwa claims it could start pro- 
duction in four years if there should 
be a demand for the plane. 

Tliis company also is conducting re- 
search on a new flying boat who.se load 
carrying capacity would exceed that of 
American-designed models by 30 to 
50%. Five million yen was devoted 
to the project in 1956, and another five 
million will be spent in 1957. Designs 
will be completed by the end of the 

Present facilities include a small 
water tank for low-speed testing of 
flying boat hull hydrodynamics and 
structural test equipment. The com- 
pany now is preparing to construct a 
circular water tank for high-speed test- 
ing of flying boat liull hydrodynamics 
;md a wind tunnel. 

Fuji Precision Machinery 

This company has been working on 
;i solid propclliint rocket engine since 
December of 1953 for use Jiirinj the 
Intemiitianal Geophvsical Year. Three 
engine models— Pencil, Baby, and 
Kappa types-alrcady have been tested, 
and a foitrth-;in .\lph;i type-will be 
tested soon. The rocket bodv is being 
dcsckipcd iinel tested at Tokyo Univer- 
sity, Mamif.irtiirc of flic rocket as a 
ssholc will be done lis Iniji Precision 
Machinery. 

An air-to-air solid propellant rocket 
also is being developed for the Defense 


MOCKUP of Japan’s first postwar nlrcraft, the Fuji TIF1 intermediate jet trainer. 
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The youthful management, the dynamic growth, the 
inherent soundness, the unusual spirit of "togetherness" and 

enthusiasm at Rohr provides challenge and chance for 
quick advancement found in few places. 

Salary and .security among the best! Southern 
California living ideal year-round! 

Design engineers with ability are invited to inquire no«'- 
Well respond at once and arrange personal interview at mutual 


convenience. Send resume to J. L. Hobel, Rohr Aircraft 
Corporation, Chula Vista, California, Department 41 



Agency. Experimentation, which began 
a year and a half ago. is in an advanced 
stage and a flight test will be held soon. 
Basic research on an AAM guidance 
rocket has been in progress for a year, 
research on the Defence Agency anti- 
tank rocket for six montlis. 

Among present facilities ate 10 
•Stands and three cells for testing rocket 
engines, and special machine tools- This 
sear, tliree stands and one cell for larger 
rockets with thrusts up to 50 tons will 
be installed. 

Nippon Jet Engine 

Established in 195? to conduct re- 
search on and manufacture prototype 
gas turbines, this firm (capitalization: 
220 million yen) is jointly owned by five 
companies; Fuji Heavy Industries, 
Kawasaki Aircraft, Mitsubishi Heavy 
Industries, Reorganized; Fuji Precision 
Machiner)-, and Ishikawajima Heavy 
Industries. 

It has completed two small turbojet 
engines for the Defense Agency— the 
JO-1 in 1954 and the f3-l in 1956. 
The J3-1 has been on the test bed 
since September and will be ready for 
installation in the Fuji TlFl jet trainer 
by the end of the year. 

The company has few facilities, since 
member companies primarily use their 

Nippon does have machine tools for 
manuracturing turbines and compres- 
sion blades and a small cascade wind 
tunnel. 

Medium Tronsport Research 

Tlie Society for Research on Me- 
dium-Size Transport is another joint 
nrpnizafion among whose members are 
Fuji Hcas-y Industries, Kawasaki Air- 
craft, Mitsubishi Heavy Industries, Re- 
organized; Shinmeiwa, Showa Aircraft, 
and Nihon Hikoki. Inaugurated in 
May 1957. this group has launched a 
five-year program for the production 
of medium-sized commercial airliners 
for domestic or Southeast Asian service. 
The first two and a half vears of the 
plan will be demoted to preparatorv 
study and designing. Tire last half of 
the program calls for experimental pro- 
duction and flight testing. 

About 200 million yen will be spent 
on basic research in the initial period. 
Of this, 90 million s’cn is to be ex- 
pended in Fiscal 1957-35 million yen 
by the government, the remainder bs- 
the member companies. The plane 
will n eigh 15,000 lig. and be equipped 
with four 2.400-2,fi00 tip. turboprop 
engines. It will cruise at 500 mph. 
and have a range of less than 1,000 
miles. Load capacity will be 30 to 40 
passengers. 

Technical Research Institute 

Research expenditures bv this insti- 
tute, which is a part of the Defense 
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.'\gcncT, were 550 million yen in 1956, 
will jump to 740 million yen in 1957. 
Part of this will go for research on air- 
frame accessories, engine parts and ac- 
cessories, and electronics in connection 
with the Til'l liglit jet tniiicr and its 
jet engine. -Another part is going for 
experimentation on a new target plane, 
a prototvpe rrf which will be completed 
this vear. 

Rescdtcli also is in progress on boun- 
dary layer control and a device for 
shortening the take-off and landing run, 
svith actual experimentation on both 
scheduled for next year. 

Facilities, including those nudet con- 
struction, are available for testing air- 
craft structure, landing gear, jet engine, 
airframe and engine accessories, and 
electronic equipment. In addition, an 
overhauled wartime supersonic wind 
tunnel for testing missiles (diameter. 
0,3 meters; maximum velocitv. 70 ni,/ 
sec.) and target plane test facilities soon 
will be establisbed. 

National Aeronautical Lab 
This laborators, part of tlie Science 
and Technology .Agency, spent 400 mil- 
lion ven on construction of research 
facilities last year, will imest in the 
next two years' hvn billion yen for con- 
struction of a new .subsonic w ind tunnel 
and installation of various airframe 
structure test ec|uip;ncnt and other 
facilities. 

AA’ork on the wind tmmel started hut 
fail, will be completed in 1959. Its 
size is 2 by 2 meters; speed, Nfach 1.3. 
Construction of a small flutter wind 
tunnel also is underway. 

A supersonic wind tunnel will be 
built when the other tunnels are com 
pleted- 

The laboratory also is setting up test 
facilities for the jet engine and its parts, 
which may be in operation by next 

More Research on Trainer 

The Transportation Technical Re- 
search Institute of the Ministry of 
Transportation will spend about 25 
million yen this year on airframe and 
jet engine tests and research on a gas- 
turbine compressor, turbine rotor, and 
nmucrk.il weather forecast. Most of 
the study will be conducted in connec- 
tion with the new Fuji jet trainer. 
Research on subsonic aircraft ha.s 
been in progress since 1952 with the 
use of a wind tumiel 1-0 by 1.8 meters, 
wpahlc of a velocity of 40 meters per 

High subsonic speed tests will be 
possible this fall when a newly-repaired 
wind tunnel with a diameter of 0-5 
meters and maxiniimi velocity of 355 
meters per second is ready for use. 

Otiicr existing facilities include a 
flutter test wind tmmel and repaired 
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ex-Japanesc 
ce|nip;nent- 
TTiis labo 


binding gwr test 
part of the Interna- 


tion.il Trade and Industry Ministry, will 
spend more than 50 million 'cn this 
vear for basic researdi on aerodynamics, 
'turbojet engines, aircraft sttvtcUircs, new 
iiuleriaN, turbine libule cooling, blade 
Rutter, and lubrication oil and jet fuel. 

Now- teadv for use is an old hut re- 
paired subsonic wind tunnel 1-S meters 
hv 2.2 meters with a maximum velocity 
of 260 meters per second. It can be 
used lor supersonic tests if supi>!emeii 
farv equipment is attached. 


Electro-Technicol Laboratory 

Electronic tesc-arch related to air- 
etaft-grouiul eoniimmications is now be- 
ing conducted bv this laboratory, also 
a part of the Ministry of International 
Trade and Industtv. .A total of 3.6 
million ven was spent in 1955 and 1956 
for studv of a ground control inter- 
ceptor. and 1.8 million yen will be dc- ' 
voted to this project in 1957. Another ! 
5.4 million yen will be spent this year i 
on attempts' to adapt the pulse tech- 1 
nic|ue to wireless communications for 
use in aircraft and for missile control. j 

T he laboratory is planning to spend I 
576 million yen' in 1957 on new elec- i 
tronic test equipment, including high 
frtqiiencv measuring ct|iiipincnt, me- 
tlianical cmiromncntal test, electrical 
criiiipiiicnt, and electronic components 
-about half of this to come from the 
U. S., half from domestic factories. 


University Research 

Tokyo University's Institute of 
Science and Technology will spend 
about five million yen this year, the 
same a.s in 1956, on basic research on 
transonic and supersonic aerodynamics, 
airplane structure and materials, and 
jet engines. It is testing the TlFl jet 
trainer with fapan's most reliable tran- 
sonic wind tunnel (30 bv 30 cm., Mach 

i.n. 

A supersonic wind tunnel (12 bv 
12 cm., Mach 31, to be completed this 
simimet, will be used for high-speed 
bnundarv layer .studv. 

-At Tbkvri University's Institute of 
Industrial Science, development of the 
bodv of the observation rocket to be 
used in the Geophysical Year is well 
underway. About 100 million yen was 
devoted to this project last year, and 
150 million yen will be .spent on it 
this vear. The two-stage Kappa rocket 
(diameter, S cm.; length, 2 ni.; max. 
altitude. 100 km.l has been tested 
successfully, and the final three-stage 
rocket is nearing completion. 

Threc other universities— Kyoto. 
Nagoya, and Kyushu-only recendy in- 
augurated aeronautical departments and 
are engaged in basic theoretical rc- 




DARNELL 


KHIliH IIl 


RUB9ER TREADS . 


RUST-PROOFED ... by tine plating. 
Darnell Callers give longer, eare-free life 
wherever water, steam and corroding chonw 
leals are freely used. 
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J anitrol couplings for bleed air ducts 
provide positive metal-to-metal seal, 
are easily installed in tight spots, stay 
pressure-tight after repealed disconnects 
—and in addition give lowest weight per 
coupling yet achieved. 

Janitrol pneumatic valves and regulators 
brmg new versatility, light weight and 
dependability to air distribution systems 
tor tank pressurization, canopy seal, and 
other vital air-powered devices. 

Janitrol Platular® heat exchangers com- 
bine the efficiency of tubes, the strength 
of plates, and the simplicity of modular 
construction. They offer new compact- 
ness, high performance, and freedom of 
design in restricted spaces. 

If your company is making major invest- 
ments in jets and missiles for the future, 
Janitrol's resources can serve you well. 
They have carried a broad range of air- 
craft hardware out of the design stage 
into proven realities. Your Janitrol rep- 
resentative invites your inquiry . , . 
Janitrol Aircraft-Automotive Division, 
Surface Combustion Corporation, 
Columbus 16, Ohio. 
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FOUR-STAGE rocket launching at NACA's Pilotless Aircraft Reseorch Station, Wallops Island, Vo. 
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Engine Test Facilities 
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Once the data is onmagnetic tape, there 
still remains the job of analyzing it. 

You can convert it to digital values, 
manually measure and sample it, and feed 
it to a digital computer on punched cards 
. . . but that takes considerable time 
and effort by skilled personnel. Rather 
than limit the number of analyses taken 
and the length of samples analyzed, labs 
are turning to direct analog analysis, 
which merits consideration by speeding 
reduction . . . permitting larger samples 
. . . increasing statistical reliability. 


how automatic wave analyzers speed analog data reduction, 
improve statistical reliability 


Automatic wave analysis is prob- 
ably the least complicated tech- 
nique for reducing analog data. 
Feed the taped data to an ana- 
lyzer, flip the switch, and a com- 
plete Fourier series is automatic- 
ally plotted and printed in perma- 
nent record form. There are no 
intermediate steps, and what 
little the operator has to do can 
be trusted to relatively unskilled 
personnel. 

Both of the two models avail- 
able from Davies can accurately 
plot Fourier series data as either 
amplitude versus frequency or 
power versus frequency at the flip 
of a selector switch. Both are also 
equipped with a “quick look” 
facility. Model 9020A provides a 
quick analysis across its frequency 
range of 3 cps. to 2 kc in 6 minutes; 
Model 9050A across its range of 
3 cps. to 10 kc in just 15 minutes. 
Linear or square law output, as 
desired, is recorded by a Brown 
ElectroniK Potentiometer as a 
large, easily readable plot. You 


can visualize results immediately 
without any further curve tracing. 

Multichannel inputs permit you 
to analyze as many as seven chan- 
nels of data simultaneously. But 
the ultimate in automation is pro- 
vided by the addition of a Davies 
Automatic Channel Selector, 
which you can program for serial 
analysis of up to 14 channels, 
changing tape speed, bandwidth, 
and output as you desire ... all 
without any further attention. 

It must be conceded that, 
while Davies Analyzers do provide 
high amplitude accuracy across 
wide frequency ranges, no analog 
analysis equipment could provide 
the point accuracy of manual and 
digital computer methods. But too 
often, that point accuracy is only 
achieved at the expense of reliable 
results. The speed with which 
Davies Automatic Wave Analyz- 
ers can run through data — in as 
little as 3% of the time required 
by digital methods — permits such 
large samples to be analyzed that 


the statistical reliability of the 
overall result remains unequalled. 

That’s why Davies Analyzers, 
first designed for aircraft studies, 
have since been successfully ap- 
plied to vibration, noise, shock, 
and flutter analysis in vehicles, 
aircraft, missiles, and ships . . . 
seismic interpretation . . . power- 
line disturbance analysis . . . noise 
analysis . . . and any number of 
other phenomena characterized 
by randomly fluctuating data. 

You’ll find considerable addi- 
tional information on Davies 
Automatic Wave Analyzers, how 
they operate, and what you can 
expect from them in the way 
of specific performance charac- 
teristics in Bulletin 9001. Write 
Minneapolis-Honey well Regulator 
Co., Davies Laboratories Division, 
10721 Hanna Street, Beltsville, 
Maryland, or call Webster 5-2700. 

Honeywell 

DAVIES LABORATORIES DIVISION 
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Small Hypersonic Wind Tunnels 
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Large Transonic Wind Tunnels 
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From imagination in research, 

from creative engineering in design and development} 
Jack & Heintz produces proved performance 
in such aircraft products as these . . . 
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Small Transonic Wind Tunnels 
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Locates 

Measures 

Corrects 

Deloited information is in 
instrument Data Sheet 21 1. 
avoiloble upon request to 
Teehnicol Literature Sec- 


i DYNAMIC UNBALANCE 

I ' 

of miniature 
high speed 
gyre rotors 


Even miniature missile type gyro rotors 
can be balanced in 6 to 10 minutes with 
the DECKER DYNAMIC BALANCER. And 
ultimate balance Is generally limited only 
by the quality of the rotor bearings. 

Designed specifically for high speed 
rotors requiring moximum possible 
precision of balonce, the Model 21 1 
Dynamic Baloncer is copable of handling 
any rotor which may be electrically 
driven at 10,500 rpm or higher. 

The Balancer offers, on a single portable 
chassis, everything needed for precision 
dynamic balancing. Included ore the 
necessary equipment for rotor mounting, 
measurement, ond lecotion of unbalance, 
plus a precise metered automatic drill 
for unbalance correction. 


without removing the 
rotor from the mount 
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Large Supersonic Wind Tunnels 
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Around the world, nonstop, 45 hours, 19 minutes. Air Force 
makes history, flying swift, dependable B-52 Jets-by Boeing. 



The Boeing 707- America’s first jetliner - will bring you 
equally proved performance on domestic and world routes.* 





Contracting 


4VIATION WEEK. Jui'« 3. 1?57 




PRODUCTION KNOW-HOW 


systems 
and explosive and 
oedname products. 


The organuation and facilities of the newly 
. streamlined ^JUieem Aircraft Division are 

_geared tp produce aircraft and missile airframe 
asnniblies in high production tjuantity, New 
ini ' modern operational concepts are being con- 
Jy^tantly applied to the basic talents and facilities 
■ available at Rheem Aircraft Division to assure 

the aircraft, propulsion, and ordnance industries ■ 
of an on-schedule, high quality, low cost pro- 
ducer, Your letter of inquiry will receive 
prompt attention from out Marketing Depart- 
ment. Rbeem has manufaclHred more than 
lOfiOO major aircraji assemblies since I9il. 


• CONTRACTING 


ONR Guides Navy Contract Research 


Washington— Research and clc^'elopnlc^t contracting in the Navy is 
divided into two general areas— basic research and exploratory development, 
sponsored by the Office of Naval Rcscatcli. and the follow-up development 
programs, directed by the Bureaus. 

ONR obtains new knowledge and In a great many of Bu.\cr's develop- 


proves new principles. l''rom there on, 
sponsorship and direction generally arc 
tasks tor the operating Bureaus, al- 
tiiough ONR now is rcs!X)nsiblc for 
overall coordination of both its own tc- 
saitch programs and the de\clopmcnt 
work of tlic bureaus. 

Just as direction of tlie research and 
elevclopmcnt spectrum is divided, so is 
the type of contracting. 

Contractor's Initiative 

ONR docs not solicit the seicntific 
(.(iiiiiiiunitv in an attempt to find con- 
tractors. Initiative must come from the 
scientist— or unisersitv, non-profit lab- 
oratorv or industrial laboratory-in the 
form of a propos.nl. Tlu' should in- 
clude a reasonably complete technical 
description of the proposed investiga- 
tion. background of the principal in- 
'cstigator, and resume of the investi- 
gative approach and methods to be 
emplovcd. 

About four-fiftlis of ONR’s research 
is carried on tlirough this contract pro- 
gram, with the rest being done in Navy 
laboratories. ONR also docs a small 
amount of applied research aimed at dc- 
\cloping materials and equipments. 

Most of the effort beyond fimda- 
menta] rcscatcli, liowcvct. is the ptov. 
ince of the Burcaus-principalh Biire.iu 
of Aeronautics, Bureau of Ordnance mid 
Bureau of Ships. 

Ill tills area, pliysical size of the re- 
search task and aiailability of facilities 
for research and for production of ex- 
perimental or prototype models assumes 

Bureau Contracting 

Contracting procedure broadens from 
one in wliicli the rcscarclicr seeks out 
the sponsor, to one in wliich the Bu- 
reaus may contact as mam' known po- 
tential contractors as possible, and make 
the award after competitive negotiation. 

At the same time, the Bureaus wel- 
come anyone who can tell them how 
to obtain better dei'clopnicnt results 
more rapidly, cut costs, and build better 
equipment. 

Bureau of Aeronautics is typical of 
Nai'y’s approach to small business. It 
has a separate office in charge of Comdr. 
D. S. Good, nhicli has the responsibil- 
ity of facilitating small business con- 
tacts by making contract infonnation 
and general problem areas known to 
interested small firms. 
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ment contracts, as in ONR's research 
contracts, initiative is tli.it of the con- 
tractor. Oiitc this contact is made, 
offices such as Cmdr. Good’s expedite 
applications to early decisions. 

Detailed Proposals 

Ptospcctii'c contractors should first 
send the Small Business Office com- 
plete information concerning tlie tyi>e 
of sen-ice or product they feel will 
benefit Navv- This information should 
be prepared in detail because it will be 
sent immediately to cognizant tecbiii- 
cal personnel for their opinion. 

Bu.Aer rcptcsciitatii'cs "ill ask for 
complete descriptions of facilities, per- 
sonnel, general actii itics, etc. Tliis w ill 
determine whctlier a contractor quali- 
fies for placement on Bu.Act’s bidders’ 
list, to be considered for future emi- 
tracts ill case tile original suggestion 
proves unfruitful. 

Primary suggestion tliat Bii.-kcr has 
for prospective small contractors is to 
forget about a sales campaign. Navy is 
sold on doing business with small firms 
and tlic most rapid approach is through 
its establislicd organization to tfie 
proper tcclinical experts. 

Tliese tcclinical men make the de- 
cisions regarding appliaitioiis and idea, 
so it benefits the small businessman to 
send Ills best technical representatives 
to present the idea to the Kavy, 

In devcloiiincnt contracting. Navy 
gives eonskierablc eim.sidcrafion to size 
and availability of facilities. Precision 
with wliich the work can he done also 
becomes a timsiderution. 

The importance ot being on the 
Navv's bidders' list is greater in the de- 
velopment field. Public law as well as 
Naval regulations specify in many eases 
that work initiated by the Navy must 
be placed up for bids, l.nclu.sion on the 
bidders’ list iiisiites tliat all of this m- 
forniation is available to the small fimi- 
It also iiibutcs that Navy's prime con- 
tractors have received information of 
the small firm’s caiubilitics. Tliis opens 
a whole new field of possible contracts 
to the small businessman. 

General Procurement Policy 

The services and major industry 
began the policy of using many sup- 
pliers of products and services to meet 
the supply and development problems 
of World War II- During this period 
many small firms received cnnsidcrabk 


help in setting up business, even 
tliougli there was no established policy 
along this line. 

Nav V has liad ii formal small business 
puliev and orgaiiiz.ition sina- 1951. in au 
attcm))t to insure that small finns get 
an equitable opportunity to compete 
for Navv business. Top Navy officials 
liave constanth urged their prime con- 
tractors to sub<oritract on tlie widest 
scale possible. 

Navv has expended great effort in 
supplying prime and sub-contractors 
vvitli the information required for rapid 
and efficient sub-eoiitracting. but it 
docs not take part in selection of sub- 
contractors by a prime. 

Navy's efforts to keep ii substantial 
portion of its dollar volume of research 
and development funds in the liaiidv 
of small business arc hampered by 
several conditions beyond its control. 
Unfortimatclv. much of the devek>i>- 
ment work which is necessary today re- 
quires a great amount of expensive 
eouipment and large numbers of men. 
This unavoidable by-product of the 
complexitv of modern weapon systems 
lias meant that only large companies 
have been able to afford the necessary 
men and cqiii|Jment. It Isas also meant 
lliat over the years tlic big companies 
tend to get bigger. 

.Another factor is the rapid growth of 
successful small com|3aiiies. wlvicli takes 
tliem out of flic small l)iisiness category 
(sOO employees or less). Many small 
finns in recent years liavc been .able to 
use good original ideas gr designs and 
ra|3icnv expand into nujot companies. 
McDonnell, Piosccki. and Kaniaii arc 
three (if flic more s|jcctiicular successes. 
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phone now! 

for a prove-it-yourself 

demonstration of the 
Honeywell yl S I C 0 R D E 


the stable, direct-reading Visicorder records are re- 
producible, and permanent under ordinary usage. 
Because the Visicorder bridges the gap between 
mechanical direct-writing oscillographs and photo- 
graphic-type instruments. 

So accept this invitation: Call your nearest Honey- 
well Industrial Sales Engineer today. He will arrange 
for you to operate the Visicorder yourself so that 
you can see for yourself how the Visicorder fits your 
most complex recording application. 


Visicorder demonstrated, that you’U be as en> 
thusia.stic as the thou.saiid.s of others who have 
watched the Visicorder in operation. 


That's why we’re inviting you to be the judge . . . 
to call your nearest Honeywell Industrial Sales 
Engineer. • He will set up a Visicorder demonstration 
in your office, plant, or laboratory ... at your con- 
venience. 


The Visicorder, in the short months since its intro- 
duction has become the most wanted oscillograph in 
America. Why? Because the Visicorder records at 
frequencies from DC to 2000 CPS, with sensitivities 
that compare to photographic oscillographs. Because 


Honeywell [fi 

HEiLAND DIVISION 


• CONTRACTING 


NACA Research Aided by Contracts 


Washington— National Advisory Committee for Aeronautics comple- 
ments the research done in its three laboratories and two research stations 
by contracting with some 30 universities and non-profit laboratories. 


■] u obtain its O' ctall objective of pro- 
viding the new scientific knowledge es- 
sential to U. S. leadership in aeronau- 
tics, it conducts mote than 60 different 
imestigations a year with these con- 
tractors. 

Contract Average Is $23,000 

Contr.icts range from $1,500 to $50.- 
000 and the average is just under 
$25,000, 

Contract research funds in Fiscal 
1957 totaled more than $900,000. 

NACA's criterion for deciding to 
contract out research and for choosing 
the researcher to do it is specialized 
capability. 

Contracts are negotiated with uni- 
versities or laboratories having either 
specialized research facilities or scien- 
tists of outstanding abiliri’ that is not 
otherwise available for investigating 
technical problems of particular aero- 
nautical importance. 

Proposals must be submitted by the 
potential contractor, although the initia- 


tive may have been cither NACA's or 
that of the investigator. 

NACA staff members and the ap- 
propriate technical subcommittees re- 
view all proposals. Since industry and 
the services arc broadly represented on 
the subcommittees by technical spe- 
cialists, these revievvs insure that the 
propos.ils finally accepted arc tcchni- 
callv sound and cover problems of 
higficst interest to the potential users 
of the research results. 

NAC.^'s contract research program 
is an integral part of the agency's over- 
all research effort. Studies are related 
to the program in a manner similar to 
integration of the laboratory programs. 

Reports on useful results of this con- 
tracted research ate prepared to the 
same high standards as other NAC.A 
reports, and are given the same distribu- 
tion to insure maximum usefulness and 
availabilifr. 

A complete list of NACA’s technical 
fields of interest and another including 


NACA contractors appear in this sec- 
tion. Below is a list of committees and 
subcommittees which plan and initi- 
ate some of the research contract work, 
and review proposals: 

Aerodynamics Committee 

Committee on Actodvnaniics consists 
of these subconimittces; 

• Fluid Mechanics. 

• High-Speed Aerodynamics, 

• Aerodynamic Stability and Control. 

• Automatic Stabilization and Control. 

• Internal Flow. 

• Propellers for Aircraft. 

• Seaplanes 

• Helicopters. 

Aircraft Powerplant Committee 

Committee on Powcrplants for Air- 
craft consists of these subcommittees; 

• Aircraft Fuels. 

• Combustion. 

• Lubrication and Wear. 

• Compressors and T urbincs. 

• Engine Performance and Operation 

• Powerplant Controls, 

• Powerplant Materials. 

• Rocket Engines, 





EL lOOO-Lox 


lOOOGPM 400ft. Head 

)6Ff. NPSH 125 H.P. 

Weight of Pump and Drive 60 lbs. 


;ECNP 35-30 LOX/ARGON/NITBOGEN 

35 GPM 600 Ft. Head 

50 GPM 500 Ft. Head 

3iiFt. NPSH 10 H.P. 

Weight of Pump and Drive 8 lbs. 


I LOW FLOW • HIGH HEAD 


NITB06EN/0XT6EN 


EHP 80-55 


(height of Pump ond Drive 1 600 lbs. 


8r product* art ejferti uJrtt u } ye a r amn ’anly 
Wai^^tfecU in ■ nt i i iii l tu t ator. Quotation on req«c$t. 
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CAMBRIDGE CORPORATION 

Creators iv Cr;tof}enic8 ■ Leaders in Liquid Logistics 


• NACA LIST 


Aircraft Conttruction Committee 

Committee on Aircraft Conitiuctioa 
is matte up of tliese subcommittees; 

• Aircraft Structures. 

• .Aircraft Loads. 

• Vibration and Flutter. 

• Aircraft Structurat Material; 

Operating Problems Committee 

Committee oii Operating Problems 
includes these subcommittees; 

• Meteorological Problems. 

• Icing Problems. 

• Flight Safety. 

• Aircraft Noise. 

In Fiscal 1956, NACA obligated a 
total of S23?,402 to 16 contractors for 
investigations in the 6eld of aerody- 
namics; 5185.487 to 11 contractors for 
powcrplant work; 5244,866 to 10 con- 
tr.ictors for investig.itions in aircraft 
construction problems, and 588.536 to 
three institutions for rese.ircb on oper- 
;tting problems. 

Estimated obligations for Fiscal 1937 
totaled 5770,000, 

Requests for further infonnation or 
speciSc proposals should be sent to Na- 
tional Adsisots' Committee for Aero- 
nautics, Headquarters, 1512 H Street 
N.W., Washington 25, D.C.. and .ad- 
dressed to the attention of the techni- 
cal subconmtiffee concerned with the 
particular research field. 

TECHNICAL FIELDS OF INTEREST 
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Where Do 

Great Ideas Come From? 


From its beginnings this nation has been 
guided by great ideas. 

The men who hammered out the Constitution 
and the Bill of Rights were thinkers-men of 
vision— the best educated men of their day. 
And every major advance in our civilization 
since that time has come from minds equipped 
by education to create great ideas and put 
them into action. 

So, at the very core of our progress is the 
college classroom. It is there that the imagina- 
tion of young men and women gains the in- 
tellectual discipline that turns it to useful 
thinking. It is there that the great ideas of 
the future will be born. 

That is why the present tasks of our colleges 
and universities are of vital concern to every 


American. These institutions are doing their 
utmost to raise their teaching standards, to 
meet the steadily rising pressure for enroll- 
ment, and provide the healthy educational 
climate in which great ideas may flourish. 
They need the help of all who love freedom, all 
who hope for continued progress in science, 
in statesmanship, in the better things of life. 
And they need it now! 


If you want to know what thi 
meons to you, write for o free 
booklet to: HIGHER EDUCA- ^ 
TION, Box 36. Times Square 
Station, New York 36,N.Y. 


:ollege crisis 




Sponsored as a puMio servios, in cooperation toith the Councii for Financial Aid to Education 


3SS 


• NACA LIST 



AMERICAN ELECTRONICS. INC. 




IIA.DIFI.O 

. ... a revolutionary system 
for detecting leaks 
in transistors, diodes 
and other sealed units 
for pennies each! 



Radiflo offers a vast improvement over 
present leak detection methods because it 
measures the leak after the flnal sealing 
operation is completed. Radiflo eliminates 
most of the expensive labor cost . . . 
yet gives the same or greater accuracy in 
a fraction of the time! 

Here is how Radiflo works. One or many 
parts are immersed under pressure in 
an inert, non-toxic radioactive gas. After 
air washing, the parts are passed over a 
scintillation counter which measures the 
molecular leakage to a normal sensitivity 
of one cc per 500 years. 

Tests have shown that transistors can be 
checked at a cost as low as two cents each with 
corresponding savings on other types 
of parts. Radiflo can also be easily set up 
on an assembly line for automatic 
parts inspection. 




AMERICAN ELECTRONICS. INC. 

ess W- Woshinglon Btvel. loj Angaloj IS, Colllornio 


Have you heard about the amazing engineering 
opportunities at American? 
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• ARDC 


How ARDC ‘Buys’ Scientific Ideas 


BaJtimore'-Air Research and Dc 
viding qualitati^'clv superior airpower 
technical competence. 

In buying ccscatch and de\elopmciit 
effort in the sliort but vital ctcatirc 
end of the ait weapons spectrum, it is 
attempting to outstrip a potential 
enemy who lias sliown surprising ability 
in scientiffc and technical fields. 

Key factor in ARDC's formula for 
producing cjualitatise superiority in 
USAF's men and machines is com- 
munications with its contractors. For 
the past two vears ARDC has made 
an increasingly strong effort to tell uni- 
versities, scientific laboratories and in- 
dustry what Ait Force’s needs are now, 
and what they are likely tn be well 
into the future, and how the ARDC- 
scicncc-industn team can meet them. 

Because it is primarily in the busi- 
ness of buying ideas, the command 
recognizes tliat the communications 
circuit must work two ways. Increas- 
ingly in recent vears, ARDC has found 
itseff asking industry what weapon 
systems or weapon system concepts 
might fulfill USAi'’s projected require- 
ments, rather than telling industry what 
to develop. 

Communicotions Network 

Necessity for this effective communi- 
cations nchvork between the command, 
its 11 centers, and the scientific and 
industrial talents of tlie nation is clear. 

Industry employs two-thirds of the 
250,000 people working at the profes- 
sional Ici'cl in the natural sciences and 
three-fourths of the nation's 700,000 
engineers, according to ARDC man- 
power and personnel csqscrt.s. 

Even though ARDC maintains a 
string of research, development and 
testing bases across the nation, three- 
fourths of the research and develop- 
ment effort going into Air Force 
hardware is done on contract, by uni- 
\ersities, pris'ate research foundations, 
and firms ranging almost all the way 
across the industrial board. 

Bulk of the contracts are written at 
the centers themselves. These centers 
serve as contact points for contractors, 
give guidance througliout the life of 
the contract and, in many cases, provide 
facilities where new ideas can be ex- 
plored and developmental items tested. 

ARDC’s mission is broken down into 
two general areas— a ’T’echnical Program 
and an Operational Program, Technical 
Program begins with research and grows 
into technical development or explora- 
tory development, dealing with weapons 
and weapon systems needed one to two 
decades from now. 

Operational Program is concerned 
basically with weapons systems tliat 


velopment Command's mission of pro- 
demands that it procure the highest in 

will join the .Air I'orcc imentory u ithin 
the next tluce-qiiartcrs of a dccadc- 

Thrcc main methods are used to 
acquaint science and industry with 
.ARDC’s thinking. 

Technical Planning DocumenSs 

Technical Program Planning Docu- 
ments are the first. These arc classified 
studies establishing and delineating Air 
I'orcc's tecimical requirements and ob- 
jectis'cs over a period that could be 
called the immediate future. 

TPPDs coscr 46 broad functional 
areas such as stragctic bombing, missile 
guidance, electronic countermeasures, 

’Ihey define the job .Air Force 
will liavc to do 10 to 20 scats from 
now; evaluate present technical capa- 
bility in the area concerned, and note 
limitations of current materiel and 
techniques; gis’c pertinent rese.irch sum- 
maries. proposed innos'ations and sug- 
gested approaclua; and present ARDC's 
technical requirements and perform- 
ance objectives. 

Technical Program Planning Docu- 
ments originally wne distributed to con- 
tractors selected for ARDC bs tlie 
ARDC-Air Materiel Command Source 
Selection Board. Now, liowevcr. ARDC 
solicits queries and requests from poten- 
tial .sources of resCilrch and develop- 
ment who are not currcntlv ccutractine 
«ith US.AF. 

(Sec Technical Fields of Interest List 
and tear-out source questionnaire in this 
section.) 

Weapon Systems Requirements 

Weapon Systems Rernrirements. 
now being released to qualified con- 
tractors within the existing sccuritv 
framework, arc an attempt to let indus- 
try in on USAF and ARDC planning 
secrets. 

ARDC admits that one of its goals 
is to get industry to do mote of its own 
research and development. But this 
method also osercomes a former para- 
dox of conducting business in classified 

At one time a contractor needed 
a contract in order to get information, 
and he needed information in order to 
get a contract. 

Distribution of the Systems Require- 
ments documents still depends upon a 
“need to know’’-but ARDC defines 
this as integrity, plus a capability to 
participate in the research and develop- 
ment effort. 

In discussing these requirements. 
.ARDC deals with a company's vice 


president for engineering or his equiv- 
alent. Conferences may be arranged 
bv writing to the Program Plans and 
Policies Office (RDZPP) at ARDC 
headquarters, Requirements attempt to 
explain what Air I'otce wants to know 
about potential future weapon system 

Contractors select areas in which 
they believe they can make contribn- 

Technical Symposia 

'Technical Progranr Symposia and 
Wrsipons Systems Conferences basi- 
cally are implementations of the phi- 
losophy behind the TPPDs and WSRs 
-a philosophy of coinprclicnsivc. in- 
tegrated ARDC-industry effort, bascil 
on mutual confidence. 

An even newer cliannel for commu- 
nicating with industry is the Office of 
Executive for Small Business, created 
late last year in the Procurement Di- 
rectorate at ARDC Headquarters. 

Tire F.SB has established a one-stop 
counseling service for small firms at 
each center and at Field Development 
offia-s in New York, Los Angeles, Bos- 
ton and Chicago. Small business 
specialists are at each location. At cen- 
ters. they arc located administratively 
on the staff of the Director of Procurc- 

Small business is defined by ARDC 
as a firm that is not dominant in its 
fields of operations, and which does 
not employ more than 500, either by 
itself or with its affiliates. 

-ARDC constantlv looks for new 
sources of technical competence. Con- 
tractors eventually will deal with a 
center, where almost all contracts arc 
written and monitored, but informa- 
tion on how to join the list of ARDC 
contractors is available both at the cen- 
ters and at licadquartcrs. 

Contact at the centers is the Con- 
tractor Relations Office. Contact at 
headquarters is Office of Industrial 
Relations for |)ersonal visits, or Com- 
mander. ARDC, Box ] 595. Baltimore 
5. Md., Attention: RDSKM, for mail 
inquiries. 

Production of superior air weapon sy.s- 
tems as a final product means superior 
raw nratcrials in the beginning. For 
ARDC, tliis means primarily the talent 
of the men in the organizations with 
which it deals, and secondarily, their 
facilities. 

'Ibe command, tlie Procurement 
Directorate at headquarters, and the 
centers all stress both a potential re- 
scarcli and development contractor’s 
competence in past investigations and 
liis approach to the present technical 
problem. ■ 
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Progress with "i? Q 'lF5\KI Q tU) BJ3 



TITANIUM ON TOP 

in medium-high temperature range 

Today’s most popular titanium alloy, MST 6AMV, SELECTION GUIDE TO MST ALLOYS 





Stainless steel De-Icers for Boeing KC-135 
are lightweight, hail resistant 


Boeing engineers wanted a dependabie. lightweight system 
for heating the ieading edge of the KC-135's giant stabiiizer. 


glass fabric, topped by an exterior skin of stainless steel. 
Pre-shaped to fit the contour of the 35 foot leading edge, 



B.F.Goodrich Aviation Products 
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Government Research and Development Contractors 




Of 




FILLING A NEED . . . 


During the nineteenth century, the mechanics of fluids branched 
off the main stem of physical science. Physics concentrated on the 
elaboration of the structure of molecules and their components; 
the development of fluid mechanics was guided by the need for 
understanding the macroscopic phenomena associated with ships, 
turbines, airplanes, etc. The separation between these disciplines 
has been reflected in the organisation of university departments 
for several generations, so that there is little contact between 
physics and fluid mechanics departments- This lack of contact 
has been reflected in our scientific graduates who typically have 
been trained in one or the other of these disciplines, but almost 
never in both. 

Very suddenly, however, the country faced an important problem 
when we had to meet the challenge of rapidly creating an operable 
intercontinental ballistic missile. The re-entry of this missile into 
the earth’s atmosphere was regarded as a very difficult problem; 
largely because here, for the first time, we faced a scientific prob- 
lem involving the mechanics of a fluid closely coupled with im- 
portant aspects of molecular physics. The Avco Research Lab- 
oratory was created to fill this need. Its senior scientific personnel 
were trained in classical aerodynamics, atomic physics, and 
physical chemistry, and saw in this interdisciplinary area a unique 
opportunity to broaden their background and to make creative 
contributions in a field in which the great advances are still to 
be made. 

The laboratory has been successful in supplying vital information 
which only a year ago was generally held to be obtainable only 
in costly and time-consuming flight experiments. Our research 
success has resulted in a large development responsibility being 
entrusted to this company. 

The interdisciplinary strength we have acquired will enable us to 
play a major role in such problems as the re-entry of manned 
vehicles into the atmosphere from satellite orbits, in the creation 
of a thermonuclear reactor, and in other fields involving the 
dynamics of high temperature gases. 




Dr, Arthur Kantrowitz, Director 
AVCO RESEARCH LABORA'TORY 

a unit of the 


avco 


research and 
advanced development 

division 



WriU Id Dr. R. W. Johmlon, Scimlifie and Ttxhnicat Relaliont, 
Area Raearch and Adtaneed Drvatopnent Division, 

SO Swill i/niim Slrrel, Utmmee. MastachiatUa. 
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SERVICES 

including complete qualification testing of: 


Hydraul/e Systama 

Pneumatic Syatems 
Fuel Syatems 

electronic Systems 


UNITED ELECTRODYNAMICS 

(DIvJilon of United 6»ofiHyslcal Com.) 

PASADENA, CALIFORNIA 

1200 So. Marengo Ave. 1*1134 



Acceleration Test 
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Designing to total dynamic environment . . . 

A NEW CONCEPT in shock and vibration protection 
for missiles and jets 


impraciicai- Unii isolaiors b 





Matching the environment 

Wiih this new design concept, both the 
stiffness and the damping of the individual 
isolation ciemcnis can be selected so that 
the system is matched to the application. 
Thus it becomes feasibie to provide 
greater shock protection in one plane, to 
design for different vibration inputs from 


il dynamic environment. And because 
separate elements can be located 
erever space is available, this system 


vibration amplitudes without snubber cc 
tact. This is a result of the non-lineo. 
friction damping that can be set to limit 
the movement of the equipment under 
resonant condition.s. This type of damping 
also allows efRcieni isolation of low-ampli- 
tude, high-frequency vibration because 
only slight damping occurs at the higher 
frequencies. 

Additional design data 

Ask for Report No. 60’ giving detailed 
information on the specifications being 
met by Barry Integral Bases using the 
'■distributed-element isolation" concept o£ 
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New Cessna YH-41 delivers top performance 


plus big maintenance savings to helicopter flying. 



Cessna’s all-new YH-41, recently purchased 
by the U. S. Army for its air arm, combines 
the latest in design and engineering advances 
to give operating and maintenance perform- 
ance never before experienced in the heli- 
copter field! 

For example, the engine— mounted in the 
nose of the fuselage— makes installation and 
servicing easy— provides extra cargo or pas- 
senger space. Cessna has made the rotor 
assembly aerodynamically clean. Also, the 
drive system on the new YH-41 is a master- 
piece of simplicity, has a minimum of parts— 
conveniently located for easy servicing. 
Offering multi-utility uses, the 4-place YH-41, 
at 3,000 lbs. gross weight, can climb higher, 
faster than any other helicopter in its class- 
sea level to 10,000 ft. in less than 12 minutes! 
Its speed is the fastest in the light helicopter 
field. 




issrid 


CESSNA AIRCRAFT CO., WICHITA, KANSAS 
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FASTENER PROBLEM 



Lightweight floating anchor nut 
for bolting non-parallel surfaces 

THE PROBLEM: Using luge single forgings for aircraft bulkheads, wing ceriter 
sections, spars and ribs offers manufacturers many advantages. It simplifies design 
and reduces milling costs, and it provides gr&iter strength while reducing air 
frame weight- However, this type of construction also creates fastening problems. 
For example, attaching skins and components to these tapered forgings is difficult 
because lie bolt head and seating surfaces are not parallel. Two methods are 
frequently used to make the fastening areas parallel. They are: 1) spot face 
machine the seating surfaces, 2) build up each bolt bead or nut base with tapered 
shims. Because there are often hundreds of fastening points, both of these meth- 
ods ore excessively costly and lime consuming, 

THE SOLUTION: ESNA’s redesigned lightweight self-locking anchor nut (Type 
LHA3022) solves this fastener problem, elimuiates these costly, shimming and 
machining operations and significantly steps up production, 

Type LHA3022 consists of a steel nut body with a concave spherical base. The 
convex scat permits the nut to move automatically with a ball joint action to 
engage the bolt threads. Two lugs retain 
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Show of strength... and stamina 


Operation Power Flight, first non-stop jet around-the-world flight, dem- 
onstrated the strength of U. S. air power and the stamina of the Boeing 
B-52 Stratofortress, newest bomber of the Strategic Air Command. 

It demonstrated, too. the vital place won in aircraft design and per- 
formance by Torrington Needle Bearings. These compact, lightweight 
units provide the highest possible capacity in minimum cross section. 
Needle Bearings also permit efficient relubrication and smooth anti- 
friction performance for long service life. 

The Torrington Company pioneered the development of Needle Bear- 
ings. working with the aviation industry on thousands of installations of 
special aircraft bearing assemblies. YourTorringlon representative will be 
glad to put this engineering experience at your service. The Torrington 
Company, Torrington, Conn.— and South Bend 21, Ind, 


TORRINGTON BEARINGS 

Distrki OgicesanJDistribniors in Principal Cities of United SialesandCanada 
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AVQ-60 


Designed for airline, business, and military transport use. 
the AVQ-60 Air Traffic Control Transponder automatically and 
instantly enables the traffic control radar to locate and 
positively identify aircraft within its range. 


Its unique features include the use of a beam switching 
tube for coding, eliminating the conventional tapped delay line 
and many other components. Sectionalized construction 
permits easy maintenance accessibility and, if desirable. 

rapid interchange of individual subchassis. 


The AVQ-60 is designed to comply with the requirements 
set forth m ARINC s Characteristic 532-A for 
Air Traffic Control Transponders. 


RADIO CORPORATION ol AMERICA 



SJMS-SS 




irrjrass 



Reduce Airborne 
D. C. Loads, 
simply... convert to.. 


mma 


A SPECIAL BREED OF CAT... 




parts of today 


...and the divisions of H & B American Machine 
Inc. offer you the specialized skills and equipment 
needed to produce these parts on schedule 
and of the highest quality. 


Convair F-102-A 


RVE YOU 


American Machine Co., Inc. 

Geaeral Offices: Prudential Plaza, Chicago 1, Illinois 


Convair B>58 


Boeing B-52 
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SW/TCMA/& THe/^MOCO(JPL£ 

OK Kes/STA/Vce BULB C/KCV/TS ? 


Teinperariire meo$urirg opplicarions ore like rracks 
in a freight yard— they often need plenty of quick 
switching. Achieving both measuring accuracy and 
speed — especially with frequent switching — re- 
quires a system well suited to the individual circuit. 
Among Thermo Electric's four methods is one best 
suited to you. 


Provide greot flexibility for 
transferring numerous ther- 
mocouples — Ideal forpatch 
panel use, Mony compact 

48 thermocouples end 16 
pyrometers measures only 
131/4 X Vh". Polarized 
plugs and jacks of standard thermocouple n 
have long-wiping surfaces end spring loaded 
for good electrical conneeKons. 


\ ROTARY SELECTOR SWITCH 
For quick checking or switching of 
thermocouples or resistance bulbs. 
"Shorting-type" switches designed 
for flush panel or well mounting. 
Contacts ond wipers of some silver 
alloy. Three models have OFF to 6, 
12 and 24 points. 


’ KEY SWITCHES \ 
Provide a choice of connecting mony 
sensing elements to one instrument 
Ironsferring sensing eleme 

Locking or non-locking construct! 
PUSH-BUTTON SWITCHES 
For on-off checking of temperotu 




from 


nany p 


number of temperature: 



Con.,™.,.,. ] P"* 

I 12-144 for keys. 

Ponels No. 23-C 


Write for Bulletins Rotary Switches No. 24-100-C 

I Key and Push-Button Switches No. 24-1-C 


iPiermo Electric Cojnc. 

SADDLE BROOK 

„ In Conodo — THERMO ELECTRIC K 
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^Bllsbls Pscks^Bf! PowBt 


SILVERCEf 

1 

BATTERIES 

1 






• CONTRACTORS 



ment for printing of duplicates on film and papof. 
In ireellng these challenges, J. A, Maurer, Inc. 
has vton a distinguished position In the area 
of photographic and electronic systems. 
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MADC EASY 

WITH ACCURATE RESULTS--’ 


if The Hydraulic Load Mointainei is capable of receiving o con- 
stant hydraulic pressure supply and redistributing it to ten separate 
outlet channels. In this operotion each channel may have its own 
speciiied pressure. The unit allows all ten pressures to be increased 
or decreased ^ultoneously and in exactly the same ratio. Each 
pressure chonnel is self regulating and AUTOMATICALLY ADJUSTS 
TO LOAD DEMAND. 


Two or more units may be coupled together. This feature makes it 
possible to provide os many Afferent and perfectly synchronized 
pressures as the air frame cmd air craft components to be tested 
demand. An easily read scale and pointer indicates the percentage 
of maximum preset pressures being delivered. 


This unit which can be bought or leased, has 
found ready acceptcmce in the aircraft cmd re- 
lated industries. Write for brochure giving full 
details of construction together with operating 
features. Find out how valuable this unit ccm be 
in your service. 


MARGINATOR COMPANY 

1121 West Magnolia, Burbank, California 





• CONTRACTORS 


CONTROL FACILITIES 
FOR AIRPORT NEEDS 


G 




SAFER ... SURER Landing Operations With 
WICKES NEW MOBILE RUNWAY CONTROL UNIT 

Compoct, new "Safely Wafe/i" provides oil needed features 
to supplement control tower facilities in jet oircroft operations — 

• Complete, self-contained communication 
controls 

9 Rugged, lightweight construction 

• Assures greoter pilot confidence 

• Custom-engineered to military 
specifications 

• Adaptable to specific installation needs 


WICKES 

INVITES YOUR INQUIRIES 



~Jll i n h a J! ENStN£ERING AND CONSTRUCTION COMPANY 




U.S. TIME CYROS IN CONTROL 



The development and production of sub-miniature pr^ 
cision gyroscopic type instruments are exacting problems. 
These problems can only be solved by combining the skills 
of creative, seasoned research development and produc- 
tion engineers within the framework of an organization 
long experienced in the problems of precision instru- 
mentation. 


Important example of U. S. Time's present role in the 
gyroscopic field has been the volume production of sub- 
miniature precision rate gyros. More than seven thou- 
sand of these precision-built -rate gyros are currently 
being used in guided missiles, antenna stabilization 
systems, autopilots, damper systems and stable platforms. 
The performance characteristics of these rate gyros can be 
modified to suit your specific requirements. 


U. S. Time’s new enlarged research staff and facilities are 
engaged in research, design and development of miniature 
precision instruments— instruments to witlistand and 
perform under the severe environment of supersonic air- 
craft and missile flight. 


We invite inquiries in the following fields of precision 
instrumentation: 


STABLE PLATFORMS > FLOATED INTEORATINO 
OVROS • ACCELEROMETERS • RATE OVROS • TWO 
AXIS OVROS • OAMPER SYSTEMS • INERTIAL 
INSTRUMENTATION • OUtOANCE SUB-SYSTEMS 


scielon bulltoy U. 



THE UNITED STATES TIME CORPORATION 

World') largest manvfatiurer of watches arid mechanical fine /use* 

Sales OfficGs; 500 Fifth Avenue, New York • 346 Tejon Place, Palos Verdes, California. 
Plants: Middlebury and Waterbury, Conn., Little Rock, Ark., Abilene, Tex., Dundee, Scot. 
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Here is Jet engine silencing designed to 
give the flexibility needed to meet today’s 
fast-moving, ever-changing operating con- 
ditions. This new jet silencer can be moved 
anywhere at a moment’s notice. Quickly 
stabilized by sturdy hydraulic Jacks, it 
can be in place and in operation in a mini- 
mum of time. 

Extreme flexibility is made possible by a 
variety of transition pieces which allow 
convenient and efficient fitting to engines 
in various positions: engines in pods, on 
thrust stands, or in the fuselage of a plane. 
Equally important today, this unit is so 
designed that it can be expanded to ac- 
commodate future engines of greater ca- 
pacity, engines with greater gas flow and 
greater thrust. This can be done by the 


addition of pre-fabrieated sections which 
can be installed on the field. 

With over a half century of experience in 
the design and manufacture of silencing 
equipment, Maxim has brought to the 
solution of this particular pi-oblem design 
knowledge second to none in the field. It 
will pay you well to get the details from 
the Maxim Engineering Department. 



THE MAXIM SILEMCER COMPAMY 

Subsidiary of Emhart Manufacturiny Company 

115 HOMESTEAD AVE., HARTFORD, CONNECTICUT 




from design through 
production . . . 

EIjECTRCKM^MC 

COIVEItOESi 

POA AIRCRAFT AND MISSILES 



Today some of the toughest 
electronic problems are being solved by 
Thompson’s task force of engineers. 

For example; Thompson has designed 
and is manufacturing control sub- 
systems and components for aircraft 
and missiles. Thompson also is a 
leader in development and production 
of countermeasures equipment and 
microwave components. 

MISSILE CONTROLS 




ELECTRON 


J^^THontpson Ptoduets, Ine. 
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Br^ak-Through 
Maintenance 
Cosf Barriers 
with CEE-BBE 
Specialized 
Aviation Chemicals 


Two msjor barriers in aircraft maintenance 

are the man hours required to perform a job 
and the "out of service" time of the equipment, 
Cee-Bee aviation chemicals mmimiee these two 
important coat factors. Field results prove CEE-BEE 
products and methods require less time and 

^ve superior and long lasting results. 

'ur engineers and on the job service representatives will 
help you solve your maintenance problems, 
write for free brochure. 




NOW- increase 
electron tube 
life 12 TIMES! 






FOR INSTRUMENTS AND CONTROL SYSTEMS 


TAILORED TO EXACT REQUIREMENTS 

OF PRESENT AND FUTURE COMMERCIAL AND MILITARY AIRCRAFT-CALL ON 



BENDIX 

BENDIX Aircraft Instrumenlation 

Air DqIq Computers 

Altitude Gyro Indicators 

Conlinentol Compasses 

Courseline Computers 

Dead Reckoning Computers 

Directional Gyro Indicolors 

Gyro Flux Gate* Compasses 

Magnesyn* Remote Indicating Imlrumenls 

Navigational Computers 

OIT-Course Computers 

Polor Poth’ Composses 

Specialized Navigation Devices 

Stable Platforms 

BENDIX Aircraft Systems 

Automatic Flight Controls 
Automatic Cruise Controls 
Automatic Landing Approach Controls 
Automatic Pilots 
Stability Augmenlatiort Devices 
Surface Power Controls 
Throttle Servo Controls 
Thrust Controls 
FHghI Directors 
Missile Control Systems 
Pilotless Aircraft Guidance Systems 


Eclipse-Pioneer Division, Bendix Aviation Cor- 
poration, is the nation’s foremost developer and 
manufacturer of these instruments and systems. 
As aviation's needs grow constantly more complex 
and critical, it will pay you more than ever to 
take advantage of our broad experience and un- 
matched research and production facilities. 



I,et“By Bendix" be your 

guide to "Buy Bendix” 


Eclipse-Pioneer Division 


Wight slashed on wide sheet 




New Alcoa rolllAg equipment recently Installed means a lot 
to the aviation industry. The new facilities 
virtually eliminate "crown or centers” in wide sheet. 
Weight and cost per sheet are greatly reduced. 

The same thickness precision previously available in 
widths up to 60 inches is now obtainable in wide sheet. 

For example, a sheet of .060-inch material, 

84 inches wide and 24 feet long, when rolled on a 
flat mill, has a typical crown of .008 which 
adds 13 pounds excess weight. When rolled on the 
new 4-high strip mill, typical crown is reduced 
to .0015, leaving only 2.44 pounds excess weight. 
Weight saved per sheet, 10.56 pounds or a reduction 
of 6.6 per cent. Dollar savings are proportionately 
substantial. 

With these new facilities, Alcoa can effectively 
minimize crown in sheet 60 to 84 inches wide in 
thicknesses up to .125 inch nominal. For more 
information and specifics on the weight and cost 
saving on your requirements, see your Alcoa 
sales engineer or write Aluminum Company of 
America, 1800-F Alcoa Building, Pittsburgh 19, Pa. 


% 


THE ALCOA HOUR • Television's Finest live Diama 


• Alternate Sunday Evenings 



vice Cord 


Your Guido 
to the Best Ir 
A luminum Value 


AO) 







AiResearch MISSILE AUXILIARY 




Aviation Memo: 


American Gives You... 

One Recess, 

One Tool Design' ^ 
for every aircraft 
f fastening job 

the name is Torq-Set 

Ifsipfisig 

torque values far m excess of present aircraft requirements. 


T^e A/^esfffeivs 
in ^teners comes from . . 



• WILLIMANTIC, CONN. 
Norristown, Pa. • Chicago, III. • Detroit, Michigan 
> and WorefioMi, Air InduilrlM of Collfsrnlo, 922 W. Hyda fork Blvd., Inglowood, Colifomia 
CIrcIo Nombor 226 on Roodtr.SorvIco Cord 
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automat that serves the world 



The new 

In less than four seconds, PAT, Pan American’s 
Teleregister, automatically gives space avail- 
ability to any of 1 1 1 different destinations 
around the world. 

The first coast-to-coast electronic reservations system 
in the transportation industry went into operation this 
Spring. An electronic marvel, P.AT gives 30 North 
American sales offices space a\ailahility to 111 desti- 
nations up to six months in advance. 

But the truly astounding thing about PAT is that it 
can handle 36,000 of these reservation inquiries an 
hour— each one in less than four seconds. Needless to 
add, service to the public is vastly improved, tele- 


phone waiting time greatly reduced and "lost” calls 
virtually eliminated. 

Hew It Works 

When a passenger \'isits or calls a Pan American ticket 
office and requests a flight to a certain destination, the 
agent simply takes the appropriate destination plate 
. . . inserts it into a ke\ set (at left) . . . pushes buttons 
for the requested month and day . . , pulls a lever. 
An electrical impulse then races to the master 
“brain.” which is located in Long Island City. The im- 
pulse is automatically fed into the reservations board 
(aboae) where it "searches" the slot corresponding to 
the requested tlate and destination. Having dctcr- 
mined whether or not the flight is open, the impulse 


immediately relays the information back to tlie ticket 
office. This reservations system covers passenger, 
passenger/cargo and all-cargo flights alike. 

PAT is indeed a triumph in transportation commu- 
nications. For our fast-moving air age feeds on speed 
and accuracy, and only by meeting its ever-increasing 
demands can progress be achieved. Tlie people at 
Pan American are happy to be able to serve the public 
better by keeping pace on the ground with advances 
in the air. 

The Krst responsibility of an eitline 


E>A.Cy’ AtVrE FttOA^IV 


>r-Senrlc« Card 


40? 




CONVAIR B-58/major portions of its 
primary structure are made of 
HEXCEL HONEYCOMBS 
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ORO 

ANNOUNCES 

Challenging 
Openings in 

OPERATIONS 

RESEARCH 

Operations research is a 
fast growing and practical 
science attracting some of the 
best brains in the country. Its 
future is unlimited. If you 
want to join a group of pio> 
neers in this exciting held, we 
invite you to investigate the 
openings on our staff. 

OW OUB PART WE OfFER; 

/. A record of experience in 
operations research, out-dis- 
tanced by perhaps no other 
organization. 

2. Ascrupuiouslymainiained 
professional approach and 
atmosphere. 

J. The team approach to 
problem solving. On each 
team are representatives of 
varied disciplines— sometimes 
three, occasionally as many 

4. Fully equipped digital and 
analog computing facilities. 

5. ORO occupies several 
buildings in Chevy Chase, 
Maryland, one of America's 
most attractive suburbs. Pleas- 
ant homes and apartments in 
all price ranges are available. 
Schools are excellent. Down- 
town Washington, D. C., with 
its many cultural and recrea- 
tional advantages is but a 
20-minute drive. 

6. Favorably competitive 
salaries and benefits, exten- 
sive educational programs, 
unexcelled leave policy. 

FOR DETAILED INFORMATION, 


OPERATIONS RESEARCH 
OFFICE r^iTI 
The Johns Hopkins 
University 

7100 Corvoclleul Avenue 
Chevy aeie, Maryland 
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Ruggedized Closed 
Circuit TELEVISION 

Designed for 

NOISE • SHOCK • VIBRATION 



KIN TEL wired closed-circuit 
TV provides photo-print pic- 
ture quality, simple operation, 
complete remote control of 
camera position and lens ad- 
justment from I OO's of feet, un- 
equalled reliability, all backed 
by yeais of experience in lOO’s 
of successful instalindons. 


Lei our nalionwide stag of experienced 
field engineers solve your TV applica- 
tion problems — so obligation. 



Write for Demonstration Today 
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ASCOP. . • first with performance data 

on America’s first jetliner! 







• CONTRACTORS 


Airborne Ultrasonic 
Liquid Level Sensor 



Here Is a new light weight, highly ac- 
curote liquid level point sensor for oir- 
croft, missile fuel and oxidizer systems, 
ond propellant control, Oesignoted 
Model RC-1A, it operates on ultrasonic I 
principles to detect the presence or ob- j 
sence of liquid at a predetermined level. ' 
The basic sensor consists of a minia- 
turized hermetically sealed ultrasonic , 
probe, measuring approximotely 2“ in I 
length and 11/16" outside diameter. | 
The probe weighs only one ounce and is | 
olways Ql the ombient temperoture of I 
the liquid being gaged. ^ 

FEATURES 

A response time of less than 
10 milliseconds 

Negligible power droin I 

Accuracy better than 1/64" | 

Sub-miniaturized | 

Light weight 

Absolutely no spork or radiation I 

hozord ' 


An ossocioted plug-in hermetically 
seoled control unit contains a sensitive 
reloy copoble of performing a control 
or indicotion function. Weight of this 
unit is only six ounces. 

Vorious modifications ore available to 
meet your particular needs. Probes ca- 
poble of sensing cryogenic, highly cor- 
rosive, or rodioactive liquids ore avail- 
oble. let us know your specifications. 
There's an Acoustica representative to 
help you anywhere in the U. S. and 
abroad. Moil your request for informa- 
tion with your Name, Position, Compony, 
and address to: 



ACOUSTICA ASSOCIATES 
Gletiwood landing 
Long Island, N. Y. 
Phene— Oriole 6^370-l-2-3 

Circle Number 345 on Reoder-Serviee Cord 


4)2 
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for 

flexibility in 
test facility 
air heating . . . 




FRED 


EXCHANGERS 


HEAT 


Css, Oil i Combinition Burners • Air 
Hellers • Submersed Combustion • Com. 


THERMAL 

Thermal Research A Engineering Corp. 

CONSHOHOCKEN . PENNSYLVANIA 

BEPnESENTATIVES IN PRINCIPAL CITIES 
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If you’re happy right where you are— if you like your job, 
your boss, your neighbor’s children, the weather— then 
this message may be a little premature. 

But if you sometimes suspect things could be better, 
then we’d like to tell you about the Southern California 
Cooperative Wind Tunnel, and about living in Pasadena. 

We don’t expect anybody to pull up stakes and move 
out here tomorrow. But if you’re looking for more of the 
good things in life, both job-wise and otherwise, we think 
the CWT and Pasadena have a great deal to offer. No 
resume to send— just mail the coupon below for the 
CWT story. 


Opmled hy the California Itutitute 
of Technology. Owned by Convair, 
Douglas, Lockheed, McDonnell and 
North American. 

CWT is concerned with testing, 
analysing and solving aerodynamic 
problems involved in the develop- 
ment of high-speed aircraft and 
guided missiles. 

Southern Colifornia Cooperative Wind Tunnel 

950 South Raymond, Posodena, Co/ifornio 



GENTLEMEN: Please send me literature about the Wind Tunnel. 


• CONTRACTORS 
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MORE AtsjD MORE 

MAJOR COMPONENTS 

ARE BU/ET BV' ROHR 


For example, brazed, stainless steel, honey- 
comb panel structures are being manufactured 
by Rohr for the great new B-58 Hustler, built 
by Convair for the U. S. Air Force. 

Today Rohr manufactures over 30,000 air- 
plane parts, included in such major components 
as stabilizers, elevators, fuselage sections, pneu- 
matic system components, high strength weld- 
ments, and stainless steel honeycomb sandwich 
panels. 

More and more, leading air-frame manufac- 
turers count on Rohr for design engineering, 
for conception, development and production of 
pacts CO meet modern flight problems. In many 


cases, Rohr engineering teams are actually 
assigned to the customer's plant, to work with 
the manufacturer’s engineering staff and bring 
back a full understanding of requirements to 

And, of course, Rohr is well known as the 
world leader in production of ready-to-insta!l 
power packages for airplanes — including the 
Boeing B-52, KC-135, 707, Convair 880, 
Lockheed Electra Propjec, Super Constellation, 
C-130, Douglas DC-7 — and many other of 
America’s leading military and commercial 

For the aircraft parts you need, next time 
look to Rohr, 
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WHATEVER THE FUEL TRANSFER PROBLEM . . . 



FAST FUEL TRANSFER SYSTEMS FOR AIRCRAFT 
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ALL-TRANSISTOR & 
AMPLIFIER & 

BecWman I WN D-C Amplifi£r 



0.01 % linearity at d.c. 




The Beckmao/WN D-C Amplifier with built-in power supply is 
completely tisasiscorized . . . for long life sod low power consuoip- 
tioa ... for applications requiring the hard-to-flnd combination of 
high accuracy and absolute reliability. 

A general-purpose chopper-stabilized unit, the Model WN is actu- 
ally a package of two separate amplifiers and two regulated power 
supplies. The input-output circuits are completely isolated from 
ground so that the entire amplifier package floats relative to ground. 
The Model WN can be used as either an operational or potentio- 
itieiric amplifier. Elimination of vacuum tubes in all four assem- 
blies completely frees the Model WN of microphonics, regardless of 
service conditions. For complete technical details, write for Data 
File 0-11-7. 


Beckman* 


Systems Division 


rtl N.Muaer Avt.. Aneanm, Catlf. 

ig. Write lor Career File 20, 
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A night reconnaissance plane Hies deep inside enemy 
territory to pinpoint the location of a huge indusirial 
complex. Down below, under blackout, is a beehive of 
unseen activity- Problem: Find ihe steel mills, the power 
stations, the .sirframe plants, the fuel storage tanks. 

Emitting no tell-tale signals, the plane’s infrared recon- 
naissance system maps the entire area. The plane returns 
with an aerial picture of the target that is more revealing 
in many respects than one taken by conventional camera 
equipment in broad d.aylight. 

The situation is hypothetical; the infrared reconnais- 
sance systems are not. They already are flying, and still 
newer systems are in the development stage. 

What docs it take to develop an infrared detection 
system? Here is the 20-year background Pcrkin-Elmer 
has brought to the field of military infrared — 


Perkin-Elmer has a unique combination of optical and 
specialized infrared experience; P-E has designed and 
built the majority of infrared analytical instruments in 
use today; P-E’s optical design and production facilities 
are unequalled anyuhere in Ihe world. 

This long experience, plus P-E's b.iekground in devel- 
oping photographic reconnaissance equipment, has en- 
abled P-E to become a leader in military infrared. At 
present Perkin-Elmer is actively engaged in the develop- 
ment of new infrared systems and detector cooling 
devices. 

for informofion, writer 

ENGINEERING AND OPTICAL DIVISION 

Perkin-Elmer 

NORWALK, CONNECTICUT 


Circle Number3j2 on Reoder^ervtce Cord 
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Ford Instrument provides the systems 


FORD INSTRUMENT CO. 

DIVISION OF SPERRY RAND CORPORATION 
31-1 OThsmson Avenue, Long Island City 1, New Yotk 
Beverly Hills, Colii. Dayton, Ohio 


Fw informotien «i FlC#’* aero aid missile predicts ond ci^abililies, write to FlCe's AIRBORNE EQUIPMENT DEPARTMENT. 









Illllllllllll 


Farnsworth has the answer; 





KAMAN 



Undergoing U. S. Army evoluoKon 
tests including airlifting externally 
slung cargo, this Marine Corps KOK-1 
demonstrotei Its ability. Shown here 
carrying o 2500 lb. |eep, it olso tokes artillery pieces, 
gas drums, ommo coses and other bulky materiel 

HOK-1 generol utility helicopters are olreody in 
service with the U. S, Navy and Marine Corps where 
they ore used extensively for search and rescue 
missions, medical evacuotion, personnel transport and 
cargo corrying. 

The development and production of utility heli- 
copters is but one of many contributions Komon has 
mode to our Notional Defense effort. We're proud 
to be of service. 


ffamon bvtfcfs h»litopt«rs 
YOU flY LIKB A PLANS 




THt KAMAH AltCtAfJ COKPOfArlON 

siooMFiEio, coNNCcncur 



CItcta Numbsr 271 en teedar-Sarvice Cord 
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HYDRAULIC 

SYSTEMS 

ENGINEERS 
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Arma inertial systems provide 
maximum effectiveness for air-to-surface 
missiles. If you are interested, contact 
Arma . . . Garden City, N. Y. 

A division of American Bosch Arma Corporation. 


Leader in Jet Components 
can help speed your 




Experience gained in producing over 100,000,000 forged parts, 
stainless steel weldments, and assemblies for all 

jet engine manufacturers is available now to designers 
and manufacturers of missiles. 

Let us discuss your projects and your needs with you now. 

Your missile can then have the benefit of what the 
Jet Division has developed for the jet-engine industry . . . precision 
forgings, high-temperature alloys, resistance-welded 

stainless steel assemblies- Write or phone today to: 


JET DIVISION 

Thompson Products, /nc. 






r 

-H — -j 

j 






complete engineering and test 


to your specifications 


facilities to augment your manpower 


The men at the Jet Division who helped develop forgings and stainless steel 
weldments for jet engines are ready now to work with missile engineers on 
projects using their experience and talents. 

You can use their services in the development of air-frames, tanks, and 
other structural components of missiles. You can also use their experience 
with metals at high temperatures in the design of your missile power-plants 
and skin-surface components. 

A Jet Division engineer will be glad to call at your convenience to discuss 
your projects, timetables, and requirements. 


High-precision weldments that combine careful forming, all types of welding, 
and accurate placement of bosses and holes, can be designed and produced 
for your missile at the Jet Division. 

Our experience in the production of titanium, high-alloy and stainless steel 
components for jet engines can give you a head start on your missile projects. 
Special Jet Division techniques of welding and stress-relieving provide 
maximum strength at minimum weight in metals that can resist the ojjerating 
temperatures and stresses of missiles. 

Let us discuss your weldment and machining requirements and show 
you how Jet Division engineering and production can quickly augment 
your own facilities. 




for ^ou/i Miicilk ft/iog/um . . . 

Forgings made to closest tolerances 
for high-temperature service 


Starting in 1 944, the Jet Division was the first manufacturer of high-precision 
forgings for jet aircraft engines. 

More forged parts of titanium, stainless and high-alloy steels for 
engines of every manufacturer have been made by the Jet Division than 
by any other producer. 


Every jet engine manufacturer uses Jet Division forged parts. 




JET DIVISION 

Thompson Thw/ucts. /nc. 


Forged to extremely close tolerances and contours, precision parts 
produced by the Jet Division often require no costly machining before 
assembly. Their use in your missile can speed delivery, reduce finishing time, 
eliminate capital plant investment. 

Complete machining and test facilities are also available tor your missile 
subcontract work. 

Our sales engineers will gladly discuss your missile project requirements 
at your convenience. 

WRITE FOR FREE BOOKLET 

The complete engineering and manufacturing facilities of the Jet Division are 
described in Booklet Ml-57. Write on your company letterhead for a copy. 





One of a kind ! 


Kids still love jacknives. but no longer seem to do 
much whittling. Like the circus big-lop this vanish- 
ing pastime seems to be one more casualty of this 
high-G. triple-carburetion age. 

The production engineer also has lost his enthu- 
siasm for whittling metal. Machining from solid bar 
is still a necessity when making one part or a few 
prototypes. But. for hundreds of parts, extruded 
shapes save metal and machining time. 


TMCA has pioneered the difficult art of extruding 
Titanium alloys. Many thousands of pounds of ex- 
truded Titanium sections arc regularly shipped to 
Jet engine and airframe industries. Seamless ex- 
truded tubing is another regular production item 
at TMCA. 

Write today for information on Titanium ex- 
truded shapes and tubing. 


Timirn 



TITANIUM METALS CORPORATION OF AMERICA, 233 Broodway, New York 7, N.Y. 
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Mahon Hits Military ‘Duplicative Waste’ 


By Katherine Johnsen 

Wasliington— Demands for “the elim- 
ination of duplicative waste" among 
the armed services highlighted congres- 
sional debate last week on the Fiscal 
1958 defense budget. 

Rep. George Mahon (D--'l'cx.). 
cliainnan of_ the Appropriations Sub- 
cmnmittec on the Anned Services 
«hich cut the S56 billion asked by 
President Eisenhower to S35.5 billion 
(,A\V May 27, p. 31), led the attacks 
on duplication, declaring that “the time 
has come to tear down the costly Iron 
Curtain which separates the serrices." 
\iahon urged the House to vote for 
his group's S2.5 billion reduction, in- 
cluding a reduction of S354 million in 
-\ir Force funds for aircraft and related 
procurement and a 5120 million cut in 
N'avy aircraft and related procurement 

Rivalry 'Dangerous' 

Mahon termed rivalry among the 
'crsiccs for control of missiles ]irnjects 
"imwholcsomc and dangerous.” lie 

“Abie and ambitious officers who 
have devoted their careers to one of 
the three services arc questioning 
whether they will have a place in the 
sun in the 1960s or will their careers 
go into decline? 

"The present presumption is that 
anv service which fails to have a part 
in the utilization of intermediate range 
and intercontinental ballistic missiles 
will be relegated to a lesser role. . . . 
We must make if possible for out men 
in uniform to set aside tlicir vested 
interests and be somewhat secure in 
their careers." 

•Advocating "somctliing approaching 
.1 merger,” Mahon said that "the means 
of locomotion and movement is no 
longer a valid basis” for determining 
the structure of the militan- senices. 

"Thc Army wants a stratcgic-tvpc 
missile so it can attack distant targets 
and will not be dependent on the .Air 
Force even for reconnaissance. 

"The Navy wants a strong air and 
missile capability to fake care of its 
own str.itcgic needs and concepts. 

"The Air Force ma\ well want to 
keep its strategic aircraft mission even 
after missiles have replaced the stra- 
tegic mission of manned aircraft. . . .” 
Vinson's Defense 

Rep. Carl Vinson (D.-Ga.), chaimian 
of the House Armed Services Com- 
mittee, challenged the attacks on du- 
plication and told his colleagues that 
it is "a wishful thcorv tli.it mote cen- 
tralization of power brings about sas- 


ings, . . . “We heat much about dupli- 
cation of efforts— I do not question for 
a moment that there is duplication of 
effort— but it is a competitive hpe of 
duplication that assures this nation 
inilitaiy supremacy in the quality of its 
weapons. 

“There lias been altogether too much 
misguided criticism of so-called com- 


petition between the armed forces, par- 
ticularly with respect to missile desel- 
opment.” 

Mcannhilc, on the Senate side of 
the Capitol, the secretaries and chiefs 
of staff of the services appealed to the 
Senate .Appropriations Committee to 
restore the heavy reductions in what 
they hare called their “minitTuim" 


Military Aviation Procurement Funds 


Unobligoled b 


OBLIGATIONS 


Obligallsns 
July I, 1956, 

Through 

March, 1957 


Unobligated 
Balance 
April t, 1957 

4.455. 1B4 
1.694.996 
164.576 


1,014.322 

214.539 

136.676 

170.032 

1,535.569 


470.211 
123.138 
102,925 

337.211 
1,033,485 


April 1, 1957 

11.227,651 

4.703,182 

316.799 

1.102,174 

17.349.805 


972.846 
171 .747 
484.328 


2,184.532 

602.382 

941,450 
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Russia Echoes Air F orce Claims 
On Effectiveness of Army Nike 


budgets made by the Mahon subcom- 
mittee, Their appeals, ho«'e\cr. were 
met by a charge from Sen. Stiairt Sy- 
mington (D.-NlO.), former Secretary of 
the Air Force, that "there is not imicli 
cooperation by the heads of the Penta- 
gon" to eliminate overlapping actiiitics. 

Other highlights of debate On the 
defense program were: 

• Sen. Henry Jackson (D.-Wash.), a 
member of the Senate Armed Services 
Committee and Joint Congressional 
Atomic Energy Committee, urged tlic 
President to appoint a “Commission on 
Ballistic Sea Missiles" to determine 
whether sufficient emphasis is being 
placed on inissilc-cquippcd, nuclcar- 
pnnered submatinc-s. Noting that the 
Navy is moving foroard «ith its Polaris 
intermediate range ballistic missile on 
a drawn-out time schedule. Jackson 
said, "I believe wc may be neglecting 
one balli.stic missile si'stem whicli could 
give us a quantum jump upward in onr 
military deterrent power.” He added: 

“An IRBM launched from an ocean 
platform could have tlie same target 
coverage and the .same militars' effect 
as an ICBM launched from out o«ti 
countiy. . . . 

"A massive surprise missile attack, 
skillfully executed by the Soviets, 
might actually knock out most of our 
Strategic Air Force and much of our 
land-based missile capability before we 
could retaliate.” 

• Rep. Errett Scrivner (R.-Kans.), a 
member of House Appropriations Com- 
mittee, called for a realignment of the 
scti'ices from the present ground-sca- 
air alignment into strategic, tactic.il, 
and defense commands. 

Army. Navy, and USAF, as now 
constituted would only "support" these 
three command.s. 

“The strat^ic command,” he said, 
"would be primarily an Air Force opera- 
tion. but if «ould include Navv carrier 
task forces tliat might hat e a strategic 
capability , . . and also the long-range 
missile capabilities of any of the serv- 
ices including the capability of laimcb- 
ing missiles from submarines offshore, 

“Tlic tactical force would be pre- 
dominantly Anny but would include 
close air support^ short range tactical 
missiles, the airlift service transport 
capabilits’ and the job of keeping snip- 
ping bnes open to tlic areas wlicre 
such tactical forces may be involved . . . 

• Rep. Clarence Cannon (D.-Mo.). 
chairm.in of tlie House Appropriations 
Committee, urged drastic reductions in 
Armi' and Naval forces. Camion said 
the ".Armv is no longer of any use in 
time of war except in occupying terri- 
tory taken from the air and in enforc- 
ing martial knv. . . . 

“Our only Armv problem in es’cnt 
of war would he how to get our token 
forces out of Europe and esen tliat 
would be doubtful. . , 


W'asliington— Soviet Union last week 
agreed with USAF’s estimation of tlic 
Army’s Nike Ajax air defense missile 

An article in “Snvictskaia Aviatsia,” 
Russian aviation newspaper, minimized 
Army reports of tire missile's effective- 
ness. declaring tiuit tests were con- 
ducted gainst "obsolete piston-engined 
planes fuing at speeds of 200 niph. 
Actually, it has scored hits against Ryan 
OQ-2 Fircbcc drones traveling at 500 
kt. (AW June 4, 1956, p. 26). 

Parts of the article were almost di- 
rect parapitrascs of charges made by 
the ,\ir I'orce last summer in its now- 
lost fight to equip airbases with its 
own Talos defense missiles ii’liicli Iravc 
twice the range of tlie .Ajax. 

As the Air Force did (AW May 28, 
1956, p. 27), the article claimed that 
Nike Aja.K could only hit targets flying 
at speeds of under 600 mpli. Speeds 
of Russia's three strategic bonihers, 
the Bison, Bear and Badger, arc all be- 
licscd to be oser 600 mph. 

Effectiveness of the radat-controllcd 
Nike .Ajax also would be “substantially 
lessened.” the article said, "under real 
conditions is’licrc tlic speed of maneu- 
vering planes keeps changing" and 
where the attacking aircraft can make 
“simple tactical niancuscrs." 

Nike’s guidance system, it added, "is 
ier\' complicated" and pron'dcs insuf- 
ficient protection against radar inter- 
fetciice. If further belittled the Nike 


Ajax by saying its performanee is “very 
far from modern requitements because 
it can liit only single targets." 

"Soviefskaya Aviatsia" took note of 
the Nike Hercules, intended replace- 
ment for the Ajax uliicli will be 
equipped with an atomic warbead, tint 
said "tlicsc efforts arc far from com- 
pletion.” The Hercules is now in pro- 
duction and is scheduled to become 
operational within the next two years. 

“As it now exists." the article added, 
“tlic highly praised Nike system is far 
from perfect." 

It made no mention of Soviet air 
defense missile capability, altlirmgh 
such missiles ha'C been observed in 
the Moscow area. 

’The Air I'orcc, in it.s cstimatinii of 
Nike Ajax cap-abilitic.s. contended that 
the missile's range is so limited— ap- 
proximately 25 miles— it could sKirccly 
rcaclr 600 mpli. homlicrs flying at 50,- 
000 ft. before they could release tlreir 
bombs. The Bison is Ixilicicd to be 
capable of operating at 57.000 ft.: the 
Bear and Badger at 50,000 ft. 

■Aiinv Secrctaiv Wilbur M. Bmckcr 
and Army Cliicf of Staff Maxwell D. 
Tavlor rebutted Air I'orcc ebarges witlr 
the claim tliat the Nike .Ajax can knock 
down any plane non’ in existence, 

•Anm- spokesmen last week also de- 
nied the Soiict magazine's charge that 
the missile has little “protection against 
radar interference" with a statement 
tliat it “can’t he jammed.” 


Martin Bullpup Evaluated 

Kansas Cih-Martiii Biilli>iip, new ait-to-surface missile, is airrcntly iin 
Hon by the Navy and Air Force. Nasy will use the nc»s’ tactical wca|ion as 
ior its attack aircratt. Bullpup is an 11-ft. 600-lb. niissilc designed for I 


c Adin. 


in less than two years. Status of the new 
vis. Ir.. deputy cliief of nava 


nation 


Bull pup is designed for tactical use by fighter and attack aircraft against such 
small targets as tanks, ships and bridges. N'avy needs (he missile to provide accuracy 
on small targets without es|X»lng aircraft to the heavy ground fire like that especi- 

In an effort to get a relatively cheap, effective weapon quickly, Dan's said the Navy 
considered design simpUcits and use of techniques well within the state of the art to 
bo basic ground rules. Final wcaiMii system bad to be compatible with current and 
future light attack aircraft and suitable for carrier use or shore-based Marine Corps 
opeiatinn. Bullpup will provide significantly greater attack capability primarilv 
becaiisc of "the increased accuracy uilli whicli the warhead can be delivered on the 
target." Davis said. 

Martin will pmdiicc the new missile at its Orlando, Fla,, plant. 

ITaris alsn |x)intcd out that Sparrow III is “coming along" as a replacemeiit for the 
Sparrow I air-to-air missile. S|>atrow HI Is U ft long, weighs about J50 lb. and 
reaches a speed 1.500 inpli. faster than the speed of the launching aircraft williiii sec- 
onds after lanneliiiig. he said. 
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“Engineers. ..here’s how we combined aileron and spoiler 
functions in our new Convair 880 Jetliner." 


“Consistent with our 34-year record of significant con- 
tribution to aircraft development, a selected group of 
engineers at CONVAIR-SAN DIEGO accepted the chal- 
lenge to develop a new control surface concept for the 
Convair 880-world’s fastest jet airliner. 

"Working as a team, we created a mechanical mixer, 
which combined, for the first time on any commercial 
aircraft, the control of ailerons and spoilers. These sur- 
faces function as both speed brakes and lateral controls, 
and because the mixer affords direct connection to the 
surfaces, it gives pilots positive feel of the controls. Its 
mechanical design of bellcranks and levers permits 
fewer adjustments and easier, less costly maintenance 
to airlines operating the Convair 880, 

“Important as this project is, it represents only one 
of the many creative assignments being solved at 


CONVAIR-SAiV DIEGO — projects like our 880 Jetliner 
and F-102A Interceptor. 

"You will enjoy this diversitij of activity. You'll like the 
Convair atmosphere, where you see and feel accomp- 
lishment. And you will enjoy living in beautiful, smog- 
free San Diego. 

"For greater career opportunity, for stimulating 
diversity - for ijour future's sake - send for more infor- 
mation about CONVAlB-SAiV DIEGO today! Write 
Mr. H, T. Brooks, Engineering Personnel, Dept. J-F." 

CONVAI R 

SAN DIEGO 

3302 Pacific Highway, San Diego, California 
CONVAIR IS A DIVISION Of GENERAL DYNAMICS CORPORATION 
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Federal Aviation Agency Proposed Now 


Washington-Effort will be m.idc 
within Congress this year to estab- 
lish an independent I'MCtal Aviation 
Agency immediately, foregoing the in- 
terim Airways Modernization Board 
proposed bv Presidential Assistant Ed- 
ward P- Curtis (AW May 20, p. 20). 

Such a mo\’c is favored by Sen. Mike 
Montoney (D.-Okla.). chaitnian of the 
Senate Comnicrcc Committee’s avia- 
tion subcommittee, who fought last 
year to make the Civil .Aeronautics 
Administration independent of the 
Commetee Department, 

Objections to Curtis Plan 

Curtis has taken the position that, 
because of tire main rcoiganization 
problems invohed, the target date for 
the Federal Aviation Agency shmdd be 
put off for three years to 1960. In the 
interim, he proposes establishment of 
the Airways Modemizatitm Baird 
which M'ould develop a common air- 
wavs navigation sv'stcin {AW Apr. 1>. 
p. 29). The board would be comprised 
of the Sccrctarv of Defense, the Sccrc- 
tarv- of Commerce and a third mem- 
ber— the chairman— to be appointed bv 
the President but not connected witfi 
i.ny government agency. 

The two basic objections of Mon- 
roncy and other members of the Senate 
Commerce Committee to this intenne- 
diate step are: 

♦ Neither the Secretary of Commerce 
nor the Secretary of Defense— consider- 
ing their other duties- could be ex- 
pected to devote sufficient time to the 
activities of the board, with the result 
that representatives witluiut sufficient 
mflnencc would participittc. 

• ITic chairman, who woidd he the 
deciding member of the board on civil- 
military conflicts, would not have 
authoritv to put his recommendations 
into operation. 

Curtis Endorsements 

In testimony during tire closing hear- 
ing of the Senate Comnrcrcc Commit- 
tee on legislation establishing the .Air- 
wavs Modernization Board. Clarence 
Savoi. president of the Air Line Pilots 
.Assn., urged prompt establishment of 
an independent civil aviation agency. 

"It has long been our view that the 
rcsponsibilitv for aviation facilities 
should be in a single agency with a 
single head. . . . Wc were pleased to 
note that in the complete reports of 
the Curtis Committee this conclusion 
is recognized. However, in coimcction 
with the AMB legislation ... a tri- 
partite board is recommended. It 
would appear practical that the organi- 
zational concept envisioned for the 
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solution of long-run problems would 
also be the most efficient for the solu- 
tion of immediate problems." 

Saycn warned that increasing intro- 
duction of Century series jet lighters 
into Air I'otcc wings will require blocs 
of air space 10 by 15 miles at mnner- 
ous locations and increase the ncccssitv- 
for decisive action on the civil-military 
division of airspace, now impossible 
through the Air Coordinating Com- 
mittee (AW May 27, p. 40). 


Curtis' proposal was endorsed by: 

• Stuart 'Tipton, president of the Air 
TTansimrt Assn., said the .agency reptc- 
seiited ".in effective means of meeting 
an urgent problem, one which is slow- 
ing down the devclopnrcnt of aviation." 
T ipton said the Airways Navigation 
Development Board, which the AMB 
would supplant, had representatives of 
‘Two com])etcnt agencies, trying to 
work togctlicr but often pulling in 
opposite directions. T'he iirarvel is tliat 


Atlas Test Stands 
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thcv accomplished as much as tlicv 
did!” 

• W'illiam Lawton, executive director 
of the National Business Aircraft Assn- 
described the AMB as “a sincere at- 
tempt to bring all air space users into 
an effective, cooperative and decision- 
making body." The AMB. he said, w ill 
"provide an instruincntalih' now lack- 
ing in our present governmental and 
non-governmental aviation ad\isor>- 
bodies ... to make decisions. . - ." 

• J. B. Hartranft, president of the Air- 
craft Owners and Pilots .Assn., endorsed 
the "intent” of the proposed hoard 
but urged that assurances be added to 
legislation to provide civil users of air 
space with a "proper voice." 

Interim Mexico Route 
Asked for American 

Washington— Civil Aeronautics Board 
asked the State Department last week 
to designate American Airlines as the 
"interim" U-S. flag carrier to operate a 
new Dallas-San Antonio-Mcxico City 
route pending the completion of the 
Chicago-Mexico City route case. 

The Board said it had deferred its 
decision as to whether Braniff Airways 
or American should be selected to oper- 
ate the route on a permanent basis. 
Both airlines now hold authority to 
provide the service, and the CAB must 
name a single carrier to operate the 
route in accordance with the terms of 
the recently signed bilateral agreement 
between Mexico and the U. S. (AW 
■Mar. 25, p. 43). 

Decision Co defer the case was taken 
in "the light of matters presented at 
the oral argirment" and because of the 
need for flic "evidentiary record” on 
which to base conclusions, the Board 
explained. It said the case could not 
be completed prior to June 5. the date 
on which the bilateral agreement be- 
comes effective, because of procedural 

The Board emphasized that the desig- 
nation of American as the "interim" 
carrier would not be a factor in reaching 
.1 final decision as to which of the two 
airlines should be awarded permanent 
authority to serve the route. 

Mexicana Withdraws 
New York Application 

Mexico Cih-— .Actoiiaics dc Mexico, 
ill which former Mexican President 
Miguel Aleman has controlling inter- 
est, appears certain to be designated as 
the Nlexican carrier to operate the 
lucrative non-stop route to New York. 

Aeionaves’ selection was assured 
when its oulv competitor for the run, 
Compania Mexicana dc Aviacion, with- 
drew its application May 1 5. 



largest airline, would have little to gain 
b\' merging w ith Acronaves. Mexicana, 
which is owned 42% by Pan American 
World Airways, annually makes a 
profit- .Aeronases is generally consid- 
ered to operate at barelv the break-even 
point. Pan American owns 20%-22% 
of .Aeronaves. WTicrcas Mexicana al- 
ready is an experienced international 
farrier, operating to Los Angeles and 
Havana, the Nesv York run will be 
Acronaves’ first venture into the inter- 
national field. 

Although Acronaves is expected to 
be formally designated before June 1st 
(the bilateral air agreement becomes 
effective June S) it is not expected to 
begin its daily non-stop service to New 
York until around November 1. 

Confident of being designated for 
the New York run, Acronaves several 
months ago bought two Bristol Britan- 
nia 302s for a reported purchase price 
of S7.4-milli(m dollars. This was said 
to be financed bv the Manufacturers 
Trust Co. of New York (S1.3-inilUon 
dollars) and by Air Finance, Ltd., of 
England. Acronaves is to receive the 
first Britannia Aug. 20 and the second 
toward the end of September. Negotia- 
tions reportedly are under way for a 
third Britannia to be delivered next 

A factor in the Acronaves purchase 
of Britannias is the fact that early this 
summer the Bristol .Aeroplane Com- 
pany of Canada (1936), Ltd., Montreal, 
is to open a 5500,000 aircraft engine 
maintenance and repair shop at the 
Mexico City Intcrrrational Airport to 
oi'crhaul engines up to 3500 hp. Until 
recently, Acronaves operated a repair 
shop in Torreon which could handle 
engines up to 1,500 hp. All more power- 
ful engines were oicthaulcd in the 
United States. 

Acronai’cs sold its Torreon shop in 
exchange for an interest in the nesv 
Bristol shop, which is to be Bristol’s 
first engine overhaul affiliate in Latin 
.America. 



IMMEDIATE 

OPENINGS FOR 

ENGINEERS 


Support Equipment Engineer. For 
a wide range of development assign- 
ments including complete airborne 
photo systems and submarine han- 
dling equipment for guided missiles. 
Engineering degree and 1 to 3 years 
related experience. 

Senior Wind Tunnel Engineer. To 
direct model testing and tunnel opera- 
tion in Vought’s new 4-foot Mach 5 
wind tunnel. B.S. degree in Aeronau- 
tical, Mechanical, Electrical or Civil 
Engineering. 3 to 5 years directly 
related experience required. Full value 
for advanced degrees and military 
experience allowed. 

Wind Tunnel Engineer. To partici- 
pate in model testing in new super- 
sonic and transonic wind tunnel. B.S. 
degree in Aeronautical, Mechanical, 
Electrical or Civil Engineering, and 
1 to 3 years directly related experi- 
ence. Related military service given 
full value. 

Dynamic Analyais. Engineers and 
Mathematicians for analysis of flutter, 
vibration, dynamic response, etc., for 
testing flutter molds and conducting 
vibration surveys on complete air- 
planes. M.S. in Mathematics, or engi- 
neering degree with mathematical 
background. Experience desirable but 
not required. 



Mr. C- A. Besio 

Supervisor Engineering Personnel 
■---ICC Voughl Aircraft, Dept, A-10 
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Vought's Regulus II missile took shape just a 
short walk from the desks of its developers. Engi- 
neers handled the new hardware and monitored 
tests in person — literally flying the big missile on 
the ground at Dallas. It was a convenient arrange- 
ment while it lasted. 

Then a big USAF Globemaster landed and 
taxied to Vought’s Experimental Hangar, The mis- 
sile was winched aboard and airlifted to a desert 
site for flight tests. By nightfall there was a 1,000- 
mile rift between Regulus II and home base. 

Joe Boston was ready to step into this gap. As 
Project Assistant for Field Liaison, he'd already 
equipped Vought’s desert crew for extensive flight 
tests. Now he’d make sure that test data and hard- 
ware flowed uninterrupted from the desert to 
Vought. High-speed feedback of facts on one flight 
could influence the success of the next. 

Mail from the desert poured in to Joe at Vought, 
From project men at the flight test site came parts 
for immediate rework and return. From the flight 
test crew’s mobile ground station came rolls of tele- 
metered brush records. From the recoverable 
Regulus itself, came packets of oscillograph data. 
And from Field Service — for repair or replacement 
— an occasional wrench or relay. 


Joe served as clearing house and consultant. 
Flight data was reduced and released to design and 
support groups. It revealed not only missile per- 
formance, but the temperatures and pressures of a 
strange new environment. When data pointed 
toward design changes, Joe's time and cost esti- 
mates helped specialists reach decisions. 

Thanks to Vought's fast overland relay of hard- 
ware and data, the records of one flight were 
decoded and digested in time to improve the next 
hop. Dividends in performance and reliability were 
obvious after six flights had been logged by 
Regulus II. 

AH six had been flown by one vehicle. 

Chance Vuiiahl uaea comprehensive 


Why the Missile Engineer Never 
Missed Mail Call 


A 

Vought 

Vignette 


Service Debate on Airlift Authority 
Settled by Compromise Decision 
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Washinglon-Defcnsc Department 
has settled a scr’en-month-old contro- 
\crsy over domestic ait eattiet contracts 
with a compromise decision; 

• U. S. Ail Force and Navy will be 
allowed to contimie control of trafRc 
on Logair and Quick Trans routes. 

• Military Traffic Management Agency, 
the single manager for traffic manage- 
mciit within the U.S., must first de- 
termine that the contract service is 

• Actual negotiation for required con- 
tract ait scrrices will be carried out by 
the siitgle manager for ait lift scrsice, 
who happens to be the Secretary of 
the Air Force as administrative chief 
of the Military Air Transportation 
Service. 

Decision to give the rcktir’cly new 
Military Traffic Management Agency 
(MTM'A) power to evaluate the neces- 
sity for special contract routes was 
made in a memorandum from E. Per- 
kins McGuire, Assistant Sccretarv' of 
Defense for Supply and Logistics. 

I'Toin tire time that MTMA went 
into business and prepared to assume 
responsibility for air carrier contracts 


there was undenied resistance from the 
Air Force and Nary to the concept 
that the new management agency 
would determine how logistic items 
would be moved. (AW Oct. 15, p. 32; 
Jan. 7, p. 26) 

Under terms of the new McGuire 
direttise, MTMA retains responsibility 
of evaluating the need or desirability 
for long-term contract sen iccs on the 
basis of requirements. 

It also will cT’aluatc the quality of 
services rendered by contract carriers 
and the manner in which USAF and 
Navy use the service. 

"'rhis nreans," a MTM.A s|)okesman 
said, “that if the Air Materiel Com- 
mand needs a Logair route to move 
engines or other high-dollar-raluc items 
they can have it. But if they use it to 
carry mops, MTMA can stop the 
operation.” 

In practice, outside craluation of 
how a contract air service is used is 
expected to result in more efficient use 
of the capacity nradc available. There 
are two major possibilities: 

• Elimination of sonte routes where 
M'l'MA finds specialized service is not 


necessary or that c.visting commercial 
carriers can handle the traffic. 

• New proposals from the contract car- 
riers themselves and scheduled airlines 
for services that «ill make segments 
of the Logair and Navy’s Quick Trans 
operations unnecessary. 

USAI''s Logair. managed out of 
AMC, M'right-Pattcrson AFB, Ohio, 
is the largest scheduled air cargo opera- 
tion in the country, flying 200 million 
freight-ton miles a year. 

In Fiscal 1957; it paid S21 million 
for this service to five contractors. 

Navy’s Quick Trans is run by a single 
operator, providing five roundtrips 
weekly, coast-to-coast. 

Air Force Queried 
On J47 Overhaul 

Washington— US.\l'’s decision to 
channel sonre of its dwindling (47 
engine overhaul business into the Utica 
Mich., plant of Studebakcr-Packard 
Corp., under lease to Curtiss-Wriglit 
Cotp., was challenged last week by 
Rep. William Hess (R.-Ohio). ranking 
Republican on the House .\rmcd Serv- 
ices Investigating Subcommittee. Hess 
also asked the Air I'orce to supply him 
with detailed infonnation as to why 
the decision was made. 

The overhaul work, which had been 



LIGHT BENDER! 

This 24-inch F/4 lens has a 6-inch 
diameter entrance pupil, covers a 9x9 
inch plate, and yet fits into a 3’A-inch 


could bend the Ugh 
through such a small si 


new PAXAR aerial reconnais- 
ens for the USAF that seems 
se everyone in on the project. 

ike to help with your optical 
vs. too. We have the largest 
ident facilities on the West 
ncluding research and develop- 
is well as prototype and quan- 
oduction of glass and plastic 


elements or Jen 


PACIFIC OPTICAL CORP. 


120 Glasgow Ave„ Inglewood 1, Cniii. PI 
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jjcrfonncd at t«o US.\F buses and 
General Electric Co., manufacturer of 
the engine, was extended to tlic Utit.i 
facility for ''the benefit of competition 
and broadening of the prodiietion base" 
(,W .\ug. 13, 1956, p. 26). 

In a letter to Air Force Secretary 
lames II. Douglas, Hess said he 
doubted that "it stood to the financial 
benefit of tire taxpayers to divide the 
diminishing ssorkload into four iiisleiid 
of three parts.” 


Defense Announces 
Expenditure Curbs 

Washington— Defense Dcpartniuit 
has taken new steps to keep inilifary 
expenditures within the bounds of ap- 
propriab'uns and available funds. 

In a directive that tire .Vriny. Navy 
and .Air Force must jnit into effect 
early this raontlr. Defense Sccretarv 
Charles E. W'ilson has ordered them 
to halt procurement that is unauthor- 
ized or for which funds are not avail- 
able for obligations. 

'llic directive further siiys that ])ro- 
euremciit negotiations now under wav 
that do not meet these standards must 
be rescinded or modified to conform 
to the new polia'. 

.A Defense spokesman told .Avia i ion 
Week that the new order is not di- 
rected at any particular branch of tlic 
scnices or touvird any puticular pro- 
curement program. He indicated that 
the directive is considered a reiteration 
of existing policy and that it was issued 
to insure compliance and protect the 
department from possible congressional 
criticism if the existing rules are ig- 
nored or os'crlookcd. 

Exceptions to the new rule arc pro- 
curements from research and clesclop- 
meiit appropriations and items specifi- 
cally excepted by the Sc'cic+.irv of 
Defense, 

Missile Control Unit 
Announced by Army 

AVashington — Nesv electronic anti- 
iiircraft missile control system cajiable 
of analyzing both air attack and defense 
plans has been developed bv Burroughs 
Cotp. under Army contract. 

Atniv savs the svstcnr can perform 
1 36.00(1 mathematical steps in less than 
a second and provides this information; 

• Time requited for a missile to travel 
from the battery to its bursting point. 

• Time battery needs to carrv out its 

• Point on intercept. 

• Whether ta^et is within effective 
range. 

• "Kiir’ probability of a battery-target 
:issignment. 

• Pctccutagc of total bomb damage at- 


ODMMUNICATION8 ENGINEERS 


TECHNOLOGICAL BREAKTHROUGH 


TRIGGERS NEW, LONG-RANGE 

r^EVElGPMEHmo™^^ 


Engineers have long believed that AM, as a modulation process, is 
capable of far better performance than has been obtained from conven- 
tional systems. Recently a technological breakthrough was achieved by 
the G-E research staff in this area — a new Synchronous Detection 
Double Side Band System, 

So impressive was the demonstration of General Electric’s proto- 
type equipment, that the go-ahead signal was given for a projected 
3-year program to develop Synchronous Detection to the product stage. 

A special project group is forming now to work on Synchronous 
Detection at Light Military Department. The immediate need is for 
engineers to work on both circuit and system. The successful completion 
of this program will usher in new, large-scale commercial as well as 
military applications. Engineers who have contributed to Synchronous 
Detection will have many opportunities before them. 

For the full technical story, send for your copy of "SYNCHBONors 
COMMUNICATIONS SAM-DS6” 


LIGHT MILITARY ELECTRONIC EQUIPMENT DEPARTMENT 

GENERAL^ ELECTRIC 

FRENCH HOAD. UTICA, NEW YORK 


Mr. J«ht< Slimberg, tight Military Electraak Equipment Dept. 

Generol Eletirle Campony, French Read, Utica, N. Y. 

I am infei'cstcd in SyTtchronotis Detettion. Pleatc tend me yotir booklet 
'‘Synchronous Coinmunications SAM-DSB ". 


AVIATION WEEK, Ji 


3, 1957 








EMPLOYMENT OPPORTUNITIES 


• NEWS OF THE WEEK 


We’re next door 
to a Great 

Educational Institution 


The rapidly expanding Bendix Systems Division 
of Bendix Aviation Corporation was formed 
to integrate Bendix skills and facilities and serve as 
a focal point for systems planning, development 
and management. 



After very careful study of many locations, 
it was decided that 56 acres adjacent to the new 
North Campus of the University of Michigan in 
Ann Arbor offered the best combination of optimum 
living conditions and professional 
environment. Our staff members are 
encouraged and assisted in advancing 
their education, and because of our 
proximity to the University our 
people are able to attend 
daytime classes. 


In addition, of course, Ann Arbor 
is noted for its world-famed 
University of Michigan Medical Center. Its new 
$7,500,000 high school is regarded as one of 
the most elaborate and modem in this country. 


Our current needs are for experienced men in: 


SURVEILLANCE S RECONNAISSANCE: radar, infrared, acoustic.s 
WEAPONS: missiles, aircraft subsystems, guidance and control 
DATA PROCESSING: analog and digital computers, displays 
NUCLEAR: reactors, propulsion, special weapons 
COMMUNICATIONS: radio, digital, data links 
NAVIGATION: radio, inertial, ground-controlled 
COUNTERMEASURES: ECM, electronic warfare 
OPERATIONS ANALYSIS. 


For an interview, write, or call NOrmandy 5-61 il. 


Bendix Systems Division 

ANN ARBOR, MICHIGAN 



tacking planes are capable of inflicting. 

• Militaiy value of a target according 
to strategic goals. 

• Target priority of a group of attack- 
ing planes. 

Heart of the system, whiclr was origi- 
nally conceived by the Army’s Signal 
Enginccting Laboratories, Fort Mon- 
moth, N. f„ is a high-speed real time 
electronic digital computer. The unit. 
29 ft. long and over 7 ft. high, is 
housed in seven cabinets and is 
equipped with hvo control panels. 

Terrier II Size Hinted 
In Pyroeeram Radome 

Indication of the size of Terrier II 
missile is supplied bv a radome nose 
which Corning Glass ^\'o^ks. Corning. 
N. Y.. displayed in announcing its new 
Pyroeeram material. The Pvtoceram 
nose, which can witlistand up to 
2.400F temperatures and large rates of 
thermal shock, is being coirsidered for 
the Navy-Conrair missile. 

From the size of the Corning Pvro- 
cetam nose radome, Terrier II will be 
about double the size of tlic Terrier I. 
Obviously tlic original sliipboard beam- 
rider guidance system will be .supple- 
mented by radar homing tor the mis- 
sile, which Navv plans to use aboard 
frigates. 

Pyroeeram is a Coming invention 
which uses a post-forming reheat to 
first fonii crrstals of finely dispersed 
"nucleating agents’’ throughout glass 
which in turn induce the growth of 
crystals in the normally amorphous 
glass. Tire process is similar to another 
CGW invention, the use of copper, 
siher or gold dispersions in glass to 
form photosensitise glass. 

Fomiation of cry.stals transforms the 
glass into a harder, more temperature 
resistant substance with a strength to 
weight ratio equal to annealed (75S) 
aluminum allov. 

Unfortunately the brittleness of glass 

It is this brittleness wliich is causing 


Chief USAF Scientist 

Washington— Dr. George E. Valley, 
|r.. Massachiuctls Institute of Tech- 
nology physics professor and fornicr asso- 
ciate director of Lincoln Laboratory, will 
become chief Ait Force scientist some- 
time this fall. 

Dr. Valley, a member of the Air Force 
Scientific Advisory Board from 1946 
until 1955, succeeds Courtland D. Pet- 
kins who will return to Princeton Uni- 
versity as chairman of the Aeronautical 
Engineering Department after serving out 
a one-year assignment in Washington. 
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some hesitaircy on the Terrier II proj- 
ect. A saving factor might be tliat 
Pyroeeram is not as surface-scratch sen- 
sitis'c as glass and, in case of failure, 
shattered fragments are not so ditngcr- 
ims to handle. 

Unlike metals and glasses which 
loose their strength progressively with 
rising temperatures, Pyroeeram has the 
unusual clraracteristic of liolding on to 
its room temperature strength almost 
all the way to 2,400F where it fuses. 
•Another apparent virtue is that it can 
be mass formed by all the current tech- 
niques known to glass manufacture, 
then altered to its crystalline form. 

Rritain Flies Its First 
Turbine Helicopter 

London-Protohpe of the Westland 
W'essex liclicoptcr powered by the 
Napier Gazelle gas turbine engine has 
made its first flight. 

'I’hc one hour and five minute flight 
was tlic first in Britain of a helicopter 
driven by a gas turbine engine. After 
initial hovering to check out control 
and engine characteristics, tlic helicop- 
ter was flown through a full range of 
maneuvers and speeds up to 125 kt. 

The single rotor helicopter has been 
ordered by the Roval Navy. 

News Digest 



FIELD ENGINEERING 

WITH A FUTURE-AT RAYTHEON 


Slid Aviation's twin-jet Caravelle is 
welcome at Port of New York Au- 
thority airports on a permanent basis. 
Caravelle made six takeoffs and land- 
ings at Idlcwild during demonstration 
tour, was checked out by acoustical 
engineering firm of Bolt, Bcranek and 
Newman as comparable to present four- 
engine piston planes. 

First production model KC-H5 jet 
tanker-transport to come off the assem- 
bly line at Boeing Airplane Compiinv's 
Renton, Wash, plant was delivered to 
the company’s Moses Lake flight cen- 
ter for testing. 

Ford Motor Co. Aircraft F.nginc 
Division was awarded an additional Air 
Force contract totaling 573,615,488 for 
J57 turbojet engines for the Air Force 
B-52 bomlier and KC-135 tanker, 

Hercules Powder Co. Alleghany Bal- 
listics Laboratory, Cumberland, Md., 
was awarded a 55,500,000 contract by 
the Bureau of Ordnance for engineer- 
ing and testing of experimental propul- 
sion systems for guided missiles. 

Picture Credits: 

161— Warren E. Kruse; 305— Charles 

Brown 


Looking for a real chance to upgrade your future? Field experience 
has helped many Raytheon engineers to become executives. 

You begin with interesting, stimulating work in our laboratories 
evaluating and testing the latest equipment. You will have justifi- 
able pride in associating with Eaytheon-the only electronics com- 
pany with two prime missile contracts— for the Army Hawk and 
the Navy Sparrow III. Raytheon also makes search, fire control 
and countermeasures radar, the new CAA Airport Surveillance 
radar, and the radars for the Air Force’s B-62 and B-58 Hustler. 
We’re looking for men who have previous field experience plus an 
EE degree or the equivalent in practical experience with radar, 
missiles or other associated areas. 

Your Raytheon future includes an attractive salary; assistance 
in relocating; insurance; educational programs, etc, Interviews in 
most U.S. cities and overseas. Write E. K. Doherr for details. 


RAYTHEON MANUFACTURING COMPANY 

Government Service Department 
100 River Street, Waltham 54, Mass. 



Excellence in Eleelronlcs 
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ADOITIONAL ASSIONMENTS IN 

SYSTEMS ANALYSIS AND INTEGRATION • FIELD Tl 
PLANNING AND PROCEDURES • DATA REDUCTION A 
ANALYSIS • COMPUTER PROGRAMMING 


your training, experience, joh objectives. Expense 
paid plant interviews including prepaid air transpor- 
tation (if requested) for qualified engineers. 


HEAVY MILITARY ELECTRONIC EQUIPMENT DEPT. 

GENERAL# ELECTRIC 


C EQUIPMENT DEPARTMENT 


mmm . . . 

MAC presently has stimu- 
lating engineering posi- 
tions available in a great 
variety of fields including: 


Internal Aerodynamics 
Design Engineering 
Structures Engineering 
Electronic Component Engineering 
Aerodynamics 
Structural Dynamics 
Electronic Packaging Engineering 
Operations Engineering 
Electronic Circuit Analysis 
Dynamics 

Airloads and Flight Criteria 
Aircraft Fire Control Systems 
Aeroelasticity and Flutter 
Thermodynamics 
Wind Tunnel Test Engineering 
Flight Test Engineering 
Reliability Engineering 
Telemetry Systems Engineering 
Flutter and Vibration 
Ground Support Equip. Engineering 
Liaison Engineering 

Our tremendou$ growth rolio— 
increase of S3% in personnel in the 
past yeor, has ereoled many posi- 

5 Engineering Divisions, for more 
information about our company and 
community, write in confidence to; 


R. F. Koletta 

Technical Plocemenl Supervisor 

P. O. Box 516 

St. Louis 3, Missouri 


McDonnell 

AIRCRAFT CORPORATION 
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Goodyear Engineers develop an escape capsule 
to bring jet airmen down alive 


Here's a good example of what imagination and enter- 
prise can do— given the opportunity that’s offered bright 
young engineers at Goodyear Aircraft. 

Above you see an escape device. It enables pilot and 
crewmen to leave an aircraft in distress— even while 
flying at supersonic speed— then float safely to earth in 
a watertight, airtight capsule. 

Ingenious as it is, this innovation is no more than 
typical of the achievements pouring out of (^odyear 
Aircraft- in airship design, electronics, radar struc- 
tures, metals engineering and countless other projects. 
In all of theid there is need for talent, training and 
unlimited vision. 

If you have faith in your ideas and confidence in your 
ability to make them work, a rewarding career can be 
yours at Goodyear Aircraft Our continued growth and 
diversification have required expansion of our engineer- 
ing staffs in all specialties at both Akron, Ohio, and 


Litchfield Park, Arizona. Available for your use are 
the most modem engineering and research laboratories, 
including a large computer laboratory. 

Salaries and benefits are, of course, liberal. And if you 
wish to continue your academic studies, company-paid 
tuition courses leading to advanced degrees are avail- 
able at nearby colleges. 

For further information on your career opportunities at 
Goodyear Aircraft, write: Mr. C G. Jones, Personnel 
Dept., Goodyear Aircraft Corporation, Akron IS, Ohio. 


They're thing at \ 

AIRCRAFT 


1 / 
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BURROUGHS RESEARCH CENTER NEEDS M ENGINEERS 

^ ALL THINGS 
ARE BORN 
THE MIND 
{OF MAN 

R i. . . it is the responsibi/it/ 
' ' of the engineer to develop 


BURROUGHS CORPORATION 

Kemvtdi CaUen 


SVERDRUP 
& PARCEL, Inc. 

is further expanding Its 
Aeronautical and Special 
Structures Sections 
especially for work on 
Supersonic and Hypersonic 
Wind Tunnels and Power 
Plant Test Laboratories. 



ENGINEERS 



DEVOTED TO 
RESEARCH 



lern 225.000 
•mosonry, olu- 


-Avionics -MISSILE guidance 
- JET ENGINE FUEL CONTROLS - COMPUTERS 
-COMMUNICATION EQUIPMENT- CIVIL DEFENSE 
AVIATION-AUTOMOTIVE ELECTRONIC PRODUCTS 
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EMPLOYMENT OPPORTUNITIES 




OrEIUIOHU EVALUATION ENCIHEEI MECUANfCAl DESION EH6IHEEA 




CALL COLLECT. Or, dip Ihe job (or jobs) you're iiHeresied in 
and mail, with your confidcnlial resume. No reference con- 
laci wiihoul your permission. You'll receive a prompt reply, 
and copies of "Your Engineering Career with Arma" and 
"Long Island." full of dciailed information about this com- 


chell. Pioneer 2-0242 
ersonnel Depl.A-674 


Division Ameiiron Bosch Arino Coip., Roosevelt Field, Gordeii City, L. I., N. T, 


Engineers . . . 



Changes In this field within the 
post 6 months have created new 
openings ond brought about 0 
wider sphere of operation for 
men in the engineering profes- 


TQP OPPORTUNITIES 

NOW AVAILABLE WITH 

GENERAL ELECTRIC 

Cycle Analysis Specialist— Con- 
duct programs providing ad- 
vanced engine cycle design, 
engine component require- 
ments, ond preliminory per- 
formance analysis. 

Afterburner Specialist— Design of 
jet nozzles . . . establish de- 
sign ond testing programs. 

Turbine Rotor Specialist— Devel- 
op and maintain turbine com- 
ponents, including turbine ro- 
tor, stator, rear frame ond 
coupling shaft. 

Structures Engineer— Mechonicol 
design and development of os- 
signed components for experi- 
mental, prototype, production 
engines, and derivative mod- 
els. 

For Senior Engineers . . 

the following openings will in- 
terest porticulorly well quoli- 
fied men who have more than 
five yeors' experience— 

• AEROOraiAAIICS SPECI41IST 

• SUPERVISOR COMBUSzrON DEVEL- 
OPMENT 

• (NSrAllAtlON 4N0 4EROOVNAM- 
ICS SUPERVISOR 

• PREIIMINART OfSION (TUR8INE 
4N0 COMPRESSOR! 

• ADVANCED MECHANICAt OESI6N 
SPECIAllSr 



Phone ^POpllr "riToO* 


GENERAL ^ ELECTRIC 
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CONTINENTAL AVIATION 

AND 

ENGINEERING CORPORATION 



Founded on Engineering 


Conlinental Aviation and Engineering Corporation 
was organized in response to the growing need for 
an engineering facility to conduct research and 
development work on internal combustion engines. 
This subsidiary of the pioneer Conlinental Molors 
Corporation has made major conlribulioiis to power 
plants for military and commerrisl use. It has 
developed air-cooled horizontally-opposed and V- 
type engines, as well as an oulsianding family of 
gas turbines with wide potential utility in the air 
and on the ground ... To meet the need created by 
substantial defense contracts — both development 
and production — in this rapidly-expanding turbine 
field, CAE is enlarging its staff of terhnieians and 
engineers- To qualified applicants in the several areas 



If you hold a degree qualifying you in any 
of these fields: MECHANICAL ENGINEERING 
. . . AERONAUTICAL ENGINEERING . . . MATHE- 
MATICS . . - ElECTRICAL ENGINEERING . . . 
ENGINEERING MECHANICS . . . PHYSICS . . 

. . . write for the booklet outlining CAE’s 
role in industry, its prospects for the future, 
and your role in this expanding program. 
Address C. D. Morris, Personnel Manager. 


CONTINENTAL AVIATION & ENGINEERING CORPORATION 

12700 KttCHEVAL AVENUE, OnROIT IS, M1CHIGAH 
SUBSIDIARY OF CONTINENIAL MOTORS CORPORATION 


of specialized knowledge listed below, it offers chal- 
lenging work, an excellent salary, pleasant working 
conditions and liberal salary benefits and an oppor- 
tunity to move ahead with a progressive organiza- 
tion. Air conditioned oliices, completely equipped 
laboratories for all phases of engineering 
activities, as well as an outstanding tech- 
nical library, are at the service of its staff. 

surrounds CAE with cultural, 
educational and recreational 
opportunities having strong 
appeal, especially to those 
raising families. As a place to 
live, as well as to work. Detroit 
is unsurpassed. 
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EMPLOYMENT OPPORTUNITIES 



ENGINEERS GROW FASTER 
-GO FARTHER WITH 



Prime Contractor for 
TALCS GUIDED MISSILE 


It just makes good sense— your opportunities are 
always bi^er and better when you play in the 
big leagues. 

Here at Bendix Guided Missiles our entire 
operation k definitely “big league”. With Bendix, 
prime contractor for the important and successful 
Talos Missile, there is literally an open field for 
advancement for an ambitious engineer who can 
accept the responsibilities that go with opportunity. 

The range of technical job opportunities is far 
wider than in companies where guided missile 
work is a secondary project. Everyone you will be 
associated with at BendLx Guided Missiles is first 
and foremost a missile engineer — many of the 
engineers are ranked with the outstanding author- 
ities in the entire industry. 

If you want to enjoy the advantages available 
in the rapidly growing guided missile industry, you 
can make no better start than by completing and 
returning to us the coupon for the booklet “Your 
Future in Guided Missiles”. 



for free 


copy of 


LOOKING FOR 
ENGINEERS . . . 
TECHNICIANS? 


APPLIED SCIENCE CORF. OF PRINCnON 
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/]VCO 


1329 ARLINGTON STREET ' CINCINNATI 25, OHIO 


Silently and dependably, Crosley RADAR stands gu 
hostile action — "watching" in every direction, every 
Here are new and challenging projects for Engit 
Division, AVCO Manufacturing Corporation, is 
electronic know-how of a high order in this 
Why not investigate your professional growth with 
out how yo/i can fir into our continuing expansion 


AVIATION 
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EMPLOYMENT OPPORTUNITIES 


ENGINEERS and DESIGNERS NEEDED 

£ MISSILE GUIDANCE BOMBING NAVIGATIONAL NEW CIVIL AVIATION 

TQ I SYSTEMS COMPUTER SYSTEMS PRODUCTS 



CM CAREER OPPORTUNITIES IN 

Systems Engineering and Analysis Design Engineering 

Experimental Engineering Preduct Engineering 

Development Engineering Product Evaluation 

Project Coordination Field Engineering 


AND WE ALSO NEED: 

DESIGNERS 

Position! 


CHECKERS • LAYOUT MEN 


It Opportunities 


Permanent Excellent Advancei 

Every inquiry treated confidentially and give: 
immediate attention and personal reply. 

RITE TODAY FOR EMPLOYMENT APPLICATION 


AC SPARK PLUG DIVISION 

THE ELECTRONICS DIVISION 

GENERAL MOTORS CORPORATION 

Milwaukee 2, Wisconsin Flint 2, Michigan 
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Projxr OasiiJ, ration 
Prompt 




Shoot For The Top! 

with 

Chrysler Missile Operations 

Detroit, Michigan 

WHATEVER YOUR GOAL IN ENGINEERING 
MISSILE OPERATIONS OFFERS CHALLENGING 
CAREER OPPORTUNITIES IN 

DESIGN 

LABORATORIES 

and 

MANUFACTURING 

for 

Engineers with Experience 

in 

STRESS ' WEIGHT • MECHANICS 
HYDRAULICS • PLANT ENGINEERING 
QUALITY CONTROL • PNEUMATIC TESTING 
METALLURGY • AERODYNAMICISTS 
AEROTHERMODYNAMICISTS 
PRESSURE AND TEMPERATURE TEST PLANNING 
ELECTRO-MECHANICAL PACKAGING 
GUIDANCE AND CONTROL • ELECTRONICS 
TELEMETRY • INSTRUMENTATION 
ANTENNA AND TRANSFORMER ENGINEERING 

TOP 

CHRYSLER FRINGE BENEFITS 

These are positions in suburban Detroit, Michigan 

WATCH YOUR LOCAL NEWSPAPER'S 
CLASSIFIED ADS FOR WORD OF MISSILE 
OPERATIONS RECRUITERS IN YOUR AREA 

CHRYSLER CORPORATION 

Missile Operations, Personnel Dept. 
P.O. Box 2628, Detroit 31, Michigan 
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SEARCHLIGHT 

SECTION 



ENGINEERS 


<SEI THE FACTS about Solar and your 
triple opportunity. , .and get them now! 
Solar currently offers an exceptional 
opportunity for you to advance rapidly, 
A new creative engineering group is 
now being formed for a challenging 
new project in guided missiles. Many 
openings also exist in Solar's fast-mov- 
ing gas turbine programs. The growth 
potential is tremendous . , . with com- 
mensurate rewards in advancement. 

Another important advantage is this: 
you don’t get lost in the crowd at Solar. 
It is a medium-size company (2800 
people in San Diego) that has grown 
steadily since 1927. Personnel policies 


are advanced, iticluding a profit sh.ar- 
ing retirement plan. 

Another advantage at Solar is the 
pleasure of living in California climate 
at its best, San Diego is warm and 
sunny the year around, with unmatched 
recreational and cultural facilities. 

For brochure, write to Louis Klein, 
Dept. E-203, Solar Aircraft Company, 
2200 Pacific Highway, San Diego 12, 
Calif. Why not also send along a resume 
of your qualifications and education? 


SOLAR 



for Immediate Sale 
GRUMMAN SUPER WIDGEON 

(link Caiwencvn) 

Presently in service of Cano- 


DC-3 

AND 

CARGO C-47 

FOR LEASE 

TRANS-INTERNATIONAL 
AIRLINES, INC 



4$4 
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SEARCHLIGHT 

SECTION 


WRIGHT ENGINEG 
1820-56 N,T.S,0. 

New uoused cylinders. Factory 
tnodified pressed in seats with 
coarse -fine finning incorpor- 
ated. Quotations upon request. 



FOR SAIE 

PROPELLER PARTS 



2D30 

12D40 


tVe Afso Hove; 

Propeller Aeurabliei 
SU18 GoYoniou 
Kew 6101 Blades 
New DC-e Prspellera 


PACIFIC PROPELLER, INC. 



do 


BENDIX PRODUCTS DIVISION 


Opportunities 
are better . . . 
Advancement 
is faster 
with a 

LEADER! 



li\-e Engineering 
oducts Division 
ve. South Bond. Ind. 


The fact that Bcndix Products Divi- f 
sion is recognized as “First in Fuel 
Metering” and “Leader in Landing ^ 

Gear” (to mention just t^wo outstand- field, send a summary of your educa- 
ing accompUshinents of this diverse fional and practical background to: 
organization) should Ije ot interest to 
any ambitious engineer. It is obvious 
that wherever you find engineering 
leadership, you will find the latest and 
most modern equipment and facilities. 

Also, at BcndL-c Products there is a 
dose working association with key 
men of the industry which enables 
engineers to develop their natural 
talents more quickly and to a greater 
degree. 

If \ou are interested in a good 

■ting salary and a successful en- 
gineering career with a leader in its 



SYSTEhfS ANALYSIS 
HYORAULIC CONTROLS 
SERVOMECHANISMS 
ROCKET CIRCUITRY 
HEAT TRANSFER 
MAGNETIC AMPLIFIERS 
COMPUTER APPLICATIONS 
NUCLEAR ENGINE CONTROLS 
TRANSIST0RI2ATI0N 
TESTING 
VIBRATIONS 

ELECTROMECHANICAL DESIGN 
STRUCTURES & STRESS 
AIRCRAFT 


VPR0JCTS I 


The brooder f/ie boss, 

the bng/iter f/ie future 


AVIATION WEEK, Jun# 3. I9S7 


455 





EMPLOYMENT OPPORTUNITIES 



OUR ENVIRONMENTAL LABORATORY 

is one of the most versatile laboratories in the • VI8RATI0N TESTING 
coumrv and we ate in the ptocess of a Major, 

Permanent Expansion 22S 000 square feet plant • COMPLEX WAVE ANALYSIS 
b™g .JJcd m 

Our men enjoy workinn with the finest of test 

equipment and lab facihties and with the top men • HIGH TEMPERATURE 

in the field 

• RELIABILITY EVALUATION 

We ate currently engaged in the following types 

of Test Activities. • INSTRUMENTATION 


THI ELECTRONICS DIVISION 

'GENERAL MOTORS torperation 

RUNT X, MICH, WlLWAaKIIX, WIGV; 


M1©R TIRANSMITTEa 
lESDCN EN^INlia 


Position requines five years' design and development ex- 
perience. Work in the field of radar transmilters, and 
beom type power devices pcnticularly desirable. Respon- 
sibilities will include development of modulators and 
transmitters for high power airborne equipments using 
the latest developments in microwave power tubes. Ex- 
cellent growth possibilities with RCA Airborne System 
Department located in Philadelphia area. 


■t A. Wollace 
ig Perssnnel, Oapt. Z-13F 


RADIO CORPORATION OF AMERICA 



> *: ^Taass-arER coupaNT ^ 


Immediate Delivery 

”*RlV3o'" R1820 

R985 R1340 R2000 

ENGINE WORKS 


• : AVIATION SQUIPMENT COMPANY 
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INSPECTION OVERHAUL 

MAINTENANCE RADAR ■ RADIO 

MODIFICATION INTERIORS 

INSTALLATION ENGINE CHANGE 

INSTRUMENTATION EXTERIORS 


LONG BEACH AEROMOTIVE 

Long Beach Municipal Airpori 
Long Beach, Califr--'- 






SERVO ENGINEERS 

The expanding Avionic Division . . . with complete en- 
gineering, laboratory and production facilities . . , needs 
servo engineers with knowledge of transistorized ampli- 
fiers. Experience in one or more of the following fields 
desirable: 

Germanium transistory at elevated temperatures 
Silicon transistors and diodes 
Summing amplifiers 

Servo mechanism design and construction 
Automatic control and controls for military and 
aircraft applications 
Magnetic amplifiers 
Transistor-magnetic amplifiers. 

RECENT GRADUATES: Openings for those whose 
curriculum included one or more of the above subjects. 
Write or phone 

Director of Industrial Relations in strict confidence. 






aviottic division 

^ ^ 
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SEARCHLIGHT SECTION 


now available 

Deluxe Super-92 DC3- 

i: “ " 

Low Time C47s- 


iE"Si ujh"’i"hi! 


18- 


Rem mert- Werner 


AIRCRAFT FOR SALE 

nman "Goose" Aircro+t, JRF #37825, Model R895-AN-12, 
and Whitney. To be sold to the highest bidder. For full 


Surplus Properly Diviston, 

Bureau ot the Budget, 

759 Kelikoi Street, 

Honolulu 13, Terrilory of Hawaii 


I SEIVICE MANUAtS 





lx 




CURTISS C-46 




Wlxn 
Annrc 

BOX NUMBERS... 


ber. Be sure to address sepa- 
rate replies for each adver- 
tisement, 


USE NAJJ^ONALj:^^^^^^ 

Classified Advertising Division— McGraw-Hill Publishing Co., Inc, 


AVIATION WEEK, June 3, 1957 



“Our greatest challenge . . . 

the development of men” 

Ralph Cordiner, President, General Electric Company 

“Few expenditures we can make are more “Freedom needs educated people. So do busi- 
important than those for cducotion. A well- ness and industry. 1 earnestly ask you to 
educated person produces more and consumes 'support the college or university of your 
more, makes wiser decisions at the polls, choice in its planning for expansion and a 
mounts a stronger defense against aggression, stronger faculty. The returns will be greater 

and is better able to perform the grave re- than you think.” 
sponsibilities of American citizenship. 

If you want more information on the probiems faced by 
higher education, write to: Council For Financial Aid To 
Education, Inc., 6 E, 4Sth Street, New York 17, New York 

Sponsored os a public service, in cooperation with the Council for Financial Aid to Education 
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—PISTON— 
OR TURBINE 

...Dependable 
— Aircraft Power — 




Continental Motors and its CAE 
subsidiary are successfully meet- 
ing a wide variety of aircraft power 
requirements. Dependable Conti- 
nental engines of piston or tur- 
bine type now power not only 
leading makes of fixed wing utility 
and trainer aircraft, but modern 
^high-performance helicopters as 
well. Engine-building experience 
dating from 1902 clinches the 
"rightness" ofthe engine with the 
Continental name. 



FOR TURBINE INFORMATION, ADDRESS: 

) CONTINENTAL AVIATION A ENGINEERING CORP. 

' 12m KERCHEVAl AVI.. DETROIT IS, MICH. 


FOR REOPROCATING ENGINE INFORMATION, ADDRESS: 

CONTINENTAL MOTORS CORP. 

205 MARKET ST.. MUSKEGON, MICH, 





Pl!A*N£lNCr^MAXWEU m'C. 

MA*FiSSaTOR COMPANY . . 

MARION EI.ECntlCAL INSTRUMENT COMPANY 

MAMT T^ ALYEjlSjl^^ . • 

MAROUAREIT*'SfiC«n°MHPANY . .. 102, 

MaVtIn’ baker aircraft CO. LTD - . . 

Srlr" . 

ILENCEJl“cOMPANY .... . . 

AMfR.— Peeu.AAams, Inc, 

MAXSON CORPORATION THE W. L. ... 

MAM?’E-iio«o‘?S:'aNK 

AMncv — SAitt Co.:ulI«nls, I.C. 

MELETRON CORPORATION 
HENASeO MANUFACTURING^CO 
A««i— TM McCjfti CamoAn, 

MIEHLE DEXTER SUPERCKAKER DIV. THE 

miller’ elVctric'^fg^^mII 'nc 
m.&7usSio“nM''’rWu£ator 00 1«, 

Agrncr— Putt. Cm A NIdi'M 
MISSILES OeVClOPMENT DIV. NORTH AMERI- 

CAN AVIATION, INC 

MONADW?m'|LLS**DIV'. UNrTEO.CAR^^Fife.''' 
Ageocy— H, 0. Humphrey, Alley A Rlcha/dt, In, 

HOOG VALVE CO., INC 

^ncy-^armift, Sablm A Garhaiti, Inc. 
HoiOROLA. INC.. MILITARY PRODUCTS DIV.. 
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A NAME TO REMEMBER! 

for SOLUTIONS to 
Hydraulic-Pneumatic 
PROBLEMS 

We design and build 
HIGH PERFORMANCE 
Pneumatic Computers 
and 

Pneumatic-Hydraulic Ratio control- 
lers— Now in service at ambient 
temp, of 350 deg. F. 

Meets MIL E 5272 
More tliaii 3 years’ service in oper- 
ational interceptors. 

Fliglit-boriie anti ground instslla- 
tioDs — Our specialty for years. 
For specialized Engineering and 
Development — Write or Call: 

SHELLY ASSOCIATES 

CONSULTING & MANUFACTURING ENGINEERS 

111 EUCALYPTUS DRIVE 
EL SEGUNDO, CALIFORNIA 
Phone EAstgote 2-1746 
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for Navy’s new P6M SeaMaster... 



Flight Control System by Sperry 


World's firsi mullHcl attack seaplane, the 
new (lOd-mph Martin siwusrin gives 
our Navy truly glohiil striking power - 

slruoiiblu runways: far-ranging submarines 
and lenders are its mobile bases. 

As the fastest low-altitude attack air- 
cralt in existence, the siamaster poses 
special problems in flight control and 

one night on a low-level mine-laying 
mission, while the next day may find it at 
40.0(10 feet on a phoio-recon job. 

To meet these varying requirements, 
the SI.AMASTLR is equipped with the 
advanced Sperry SP-30 flight control 
system, designed especially for high-speed, 
long-ningc multl-jel and turboprop air- 
craft. It provides precise automatic control 
of the big Marlin plane at all speeds from 
landing to subsonic. And self-contained 


elevators serve as dampers to aid the pilot 

Sperry flight control system is engineered 
for the specific job to be done. This indi- 
vidual approach to the control factors of 
each aircraft has earned Sperry systems a 
place on many of the world's leading alr- 
Imcs, on thousands of military airemft and 
hundreds of business planes, 

Sperry engineers can also help you find 
the right answer to your flight control 
problems. Write our Aeronautical Equip- 






LHTA517 
NAS 687 


A*s new series of 


LHTA55M / 

698 / LHTA57 
m / NAS 682 


LHTG51 
NAS 688-692 


IHTA57M \ 
NAS 696 ' 


Announcing . . . 

complete 
coverage of 
NAS drawings 
with 








Jo 


* ^ 




lightl¥e.ight ' 

all-metal c§anterJ tol§d j^ iniature self-locking nuts 


Have you analyzed the structural design advantages and 
weight-saving possibilities offered by ESNA's AN approved 
versions of the new NAS low-height, lightweight, counter- 
bored types of self-locking nuts? 

For example, there is ESNA’s LHTM-TE and LHTA51 
series for structural applications which conform to NAS 679- 
695 drawings for low-height counterbored locknuts. These 
parts meet the tensile, vibration, twist- and push-out require- 
ments of MIL-N-25027 (ASG), performing satisfactorily at 
temperatures up to 550® F; they also meet AN-N-5 and AN- 
N-10 tensile specifications and are dimensionally interchange- 
able with AN363, 364, 365, 366 parts. These nuts combine 
high strength with lightweight and reduced height; the coun- 
terbored base eliminates use of shims to keep threads out of 
bearing. Extra weight savings can be obtained by using them 
with new 160,000 psi short thread length NAS bolts. 

Now, to meet the increasingly severe space limitations of 
new missile and avionic designs, ESNA announces the availa- 
bility of a full line of NAS miniature, counterbored self-locking 
nuts conforming to NAS 696, 697, 698 drawings. All of these 
new Elastic Stop nuts use ESNA's AN approved offset crown 
locking device which exerts locking torque radially and elasti- 
cally to assure vibration-proof tightness and extended re-usa- 
bility. 


ELASTIC STOP NUT CORPORATION 
OF AMERICA 


MAIL COUPON FOR DESIGN INFORMATION 

Dept. N42-62S, Elastic Stop Nut Corporation of America 
2330 Vauxhall Road, Union, New Jersey 

Please send me the following free fastener information: 

Q Spec sheets on new 
LHTA51 Series 


Q Spec sheets on new 
LHTA51M Series 


Q Here is a drawing of our product. 
What type of self-locking fastener 
would you suggest? 


Company. 


For significant new developments resulting from space- 
and weight-saving fastener research look to ESNA, pioneer 
producer of the famous red collar Elastic Stop nuts. 


Street. 


City. 


Zort e Stote 
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